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(57) Abstract 



Com p o und s 



C(R 3 )=C(fl 4 )Z-R 5 



(1) 



of 

a) are 
Y is a 
a group 

-OR*, wher ein R' ia aa 
optionally substituted aQcyi 
group; X is -0-. -S-, ox 

-N(R*X wherein R* is a hydrogen atom or an optionally substituted aDcyi group; R* is an optionally substituted cycioalkyt or cyctoatoryl 
group; R 3 and R 4 , which may be the. same or different, is each a hydrogen atom or an optionally substituted aDcyi, -CCfeR 7 (wherein R 7 is 
a hydrogen atom, an optionally substituted aflcyL aralkyU aryU aryloxyalkyi, atkanoyioxyalkyl or aroyioxyalkyl group), -CONRW (where 
R s and R* whkh may be die same or different, is as defined for R 7 ). -CSNR«R 9 , Of or -CH2CN group; Z is ^CH^r where n is zero 
or an integer 1, 2 or 3; R 5 is an optionally snbstimred monocyclic or bicycHc aryi group opep oafly containing one oxjrnore hcteroetoms 
selected from oxygen, sulphur or nitrogen atoms; and die salts, solvates, hydrates, prodrugs in N-oxides thereof. Compounds according to 
die invention are potent and selective phosphodiesterase type IV inhibitors and are useful in die prophylaxis and treatment of 
such as asthma where an unwanted inflammatory response or muscular spasm is present. 
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STXKYL DERIVATIVES, THEIR PREPARATION AND USE AS PDE-IV INHIBITQRS 



5 This invention reiates to a novel series of styryl derivatives, to processes 
for their preparation, to pharmaceutical compositions containing them, and 
to their use in medicine. 

Many hormones and neurotransmitters modulate tissue function by 
10 elevating intra-cellular leveis of adenosine 3', 5'-cyclic monophosphate 
(cAMP). The cellular levels of cAMP are regulated by mechanisms which 
control synthesis and breakdown. The synthesis of cAMP is controlled by 
adenyiyl cyclase which may be directly activated by agents such as 
forskolin or indirectly activated by the binding of specific agonists to cell 
15 surface receptors which are coupled to adenyiyl cyclase. The breakdown 
of cAMP is controlled by a family of phosphodiesterase (PDE) 
isoenzymes, which aiso control the breakdown of guanosine 3\5'-cyciic 
monophosphate (cGMP). To date, seven members of the family have 
been described (PDE I-VII) the distribution of which varies from tissue to 
20 tissue. This suggests that specific inhibitors of PDE isoenzymes could 
achieve differential elevation of cAMP in different tissues, [for reviews -of 
PDE distribution, structure, function and regulation, see Beavo & 
Rerfsnyder (1990) TIPS, H: 150-155 and Nicholson et ai (1991) TIPS, 12: 
19-27]. 

25 

There is clear eviaence that elevation ot cAMP in inflammatory leukocytes 
leads to inhibition of their activation. Furthermore, elevation of cAMP in 
airway smooth muscie has a spasmolytic effect. In these tissues. PDE IV 
plays a major role in the hydrolysis of cAMP. it can be expected. 
30 therefore, that selective inhibitors of PDE IV wouid have therapeutic 
effects in inflammatory diseases sucn as asthma, by achieving both anti- 
inflammatory and broncnodilator effects. 

The design of PDE IV inhibitors has met with limited success to date, in 
35 that many of the potential PDE IV inhibitors which have been synthesised 
have lacked potency and/or have been capable of inhibiting more than one 
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type of PDE isoenzyme in a non-selective manner. Lack of a s iectiv 
action has been a particular problem given the widespread role of cAMP la 
yjya and what is needed are potent selective PDE IV inhibitors with an 
inhibitory action against PDE IV and little or no action against other PDE 
5 isoenzymes. 

We have now found a novel series of styryl derivatives, members of which, 
compared to known structurally similar compounds, are potent inhibitors of 
PDE IV at concentrations at which they have little or no inhibitory action' on 

10 other PDE isoenzymes. These compounds inhibit human recombinant 
PDE IV enzyme and also elevate cAMP in isolated leukocytes.. Certain 
compounds prevent inflammation in the lungs induced by carrageenan, 
platelet-activating factor (PAF), interieukin-5 (IL-5) or antigen challenge. 
These compounds also suppress the hyperresponsiveness of airway 

15 smooth muscle seen in inflamed lungs. Advantageously, compounds 
according to the invention have good oral activity and at orally effective 
doses exhibit little or none of the side-effects associated with known PDE 
IV inhibitors, such as rolipram. The compounds of the invention are 
therefore of use in medicine, especially in the prophylaxis and treatment of 

20 asthma. 

Thus according to one asoect of the invention, we provide a compound of 
formula (1) 

XR 2 

i 

Y 



25 C(R 3 )=C(R 4 )ZR 5 (1) 

wnerein 

Y is a haiogen atom or a group -OR 1 - wnere R 1 is an optionally substituted 
alkyi group; 

30 X is -0-, -S-, or -N(R 6 }-, where R 6 is a hydrogen atom or an optionally 
substituted alkyl group; 

R 2 is an optionally substituted cycloaikyl or cycioalkenyi group; 
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R 3 and R 4 , which may be the same or different is each a hydrogen atom 
or an optionally substituted alkyl, -CO2R 7 (where R 7 is a hydrogen atom, 
or an optionaily substituted alkyl, araikyl or aryi group), -CONRW (where 
R 8 and R 9 which may be the same or different is as described for R7), 
5 -CSNR 8 R9,-CN or -CH 2 CN group; 

Z is «(CH2)n- where n is zero or an integer 1, 2 or 3; 
R 5 is an optionally substituted monocyclic or bicyclic aryl group optionally 
containing one or more heteroatoms selected from oxygen, sulphur or 
nitrogen atoms; 

10 and the salts, solvates, hydrates, prodrugs and N-oxides thereof. 

The compounds of formula (1) exist as geometrical isomers, and the 
invention extends to all such individual isomers and mixtures thereof. 
Formula (1) and the formulae hereinafter snould be understood to include 
15 all individual isomers and mixtures thereof, uniess stated otherwise, and 
even though only one isomer may be depicted. 

In the compounas of formula (1), when Y is a halogen atom it may be for 
example a fluonne. chlorine, bromine or iodine atom. 

20 

When Y in the compounas of formula (1) is a group -OR 1 . R 1 may be, for 
example, an optionally suostituted straignt or branched Chalky! group, 
such as a methyl, ethyl, n-propyl, or i-propyi groups. Optional 
substitutents which may be present on R 1 groups include one or more 
25 halogen atoms, e.g. fluonne. or cnionne atoms. 

When X in compounds of tormuia (1) is a -N(R 6 )- group it may be a -NH- 
group or a group -N(R 6 }- where R 6 is an octionally substitued C1-6 alkyl 
group such as a methyl or ethyl group. 

30 

When R 2 in the compounds of formula (1) is an optionally substituted 
cycloaikyl or cycioalkenyl group it may be for example a C^cycloalkyl 
group such as a cyciobutyi, cyciopentyi or cyciohexyi group or a C3-8 
cycioaikenyi group containing for exampie one or two double bonds such 
35. as a 2-cyclobuten-1-yl, 2-cyciopenten-l-yl, 3-cyclopenten-1-yl, 2,4- 
cyclopentadien-1-yl, 2-cyclohexen-1-yl, 3-cyclohexen-i-yl, 2,4- 
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cyclohexadien-1-yl or 3,5-cyclonexadien-l-yl group, each cycioalkyl or 
cycioaikenyi group being optionally substituted by one, two or three 
substituents selected from halogen atoms, e.g. fluorine, chlorine, bromine 
or iodine atoms, straight or branched Ci^alkyl e.g. Chalky! such as 
5 methyl or ethyl, hydroxyl or Ci^alkoxy e.g. Ci^alkoxy such as methoxy or 
ethoxy groups. 

AJkyl groups represented by R 3 and R 4 in compounds of formula (1) 
include optionally substituted straight or branched Ci-e alkyi groups for 

10 example C1.3 alkyl groups, sucn as methyl, ethyl n-propyt or i-propyl 
groups. Optional substituents which may be present on R 3 or R 4 include 
one or more halogen atoms, e.g. fluorine, chlorine, bromine or iodine 
atoms, or hydroxy! or Ci^ alkoxy e.g. C1.3 alkoxy such as methoxy or 
ethoxy groups, or thiol or C1.6 alkylthio e.g. C1.3 alkythio such as 

15 methylthio or ethylthio groups. Particular examples of R 3 or R 4 alkyl 
groups include -CH 3 , -CH 2 CH 3 , -CH 2 OH, -CH 2 CI, -CH 2 F, -CHCI 2 , -CHF 2 
and -CH 2 OCH3 groups. 

When R 3 and/or R 4 is a -C0 2 R^, -CO.NR 3 R 9 or -CSNR 3 R 9 group it may be 
20 for example a -C0 2 H, -CONH 2 , or -CSNH 2 group, or a group .CO2R 7 , 
•CONR8R9, -CSNR8R9, -CONHR 9 , or -CSNHR 9 wherein R7 R8 and R9 
where present is a C1-3 alkyl group such as a methyl or ethyl group, a Ce- 
12 aryl group, for example an optionally substituted phenyl, or a 1- or 2- 
naphthyi group, or a C6-i 2 arylCi.3 alkyl group such as an optionally 
25 substituted benzyl or phenethyl group. Optional substituents which may 
be present on these groups include R 10 substituents discussed below in 
relation to the group R 5 . 

In the compounds of formula (1) 2 may represent a bond connecting the 
30 group R s to the rest of the molecule, or represents a group -CH 2 -, 
-{CH 2 ) 2 - or -(CH 2 )3-. 

Monocyclic or bicyclic aryi groups represented by the group R s in 
compounds of formula (1) inciude for example Cs-12 optionally substituted 
35 aryi grouDs. for example optionally substituted phenyl, i-or 2-naphthyl, 
indenyi or isoindenyi groups. 
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When the monocyclic or bicyclic aryi group contains one or more 
heteroatoms it may be a Gj.g for example a C3-9, optionally substituted 
heteroaryl group containing .for example one. two, three or more 
5 heteroatoms selected from oxygen, sulphur or nitrogen atoms. In 
general, heteroaryl groups may be for example monocyclic or bicyclic 
heteroaryl groups. Monocyclic heteroaryl groups include for example five- 
or six-membered heteroaryl groups containing one, two, three or four 
heteroatoms selected from oxygen, sulphur or nitrogen atoms. 

10 

Examples of heteroaryl groups represented by R 5 include pyrrolyl, furyl, 
thienyl, imidazolyl, N-methylimidazolyl, N-ethylimidazoiyl, oxazolyl, 
isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 
1,2,3-oxadiazolyl, 1,2,4-oxadiazoiyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, 

15 pyridyl, pyrimidinyl, pyridazinyl, pyrazinyl, 1.3,5-triazinyl, 1 ,2,4-triazinyl, 
1,2,3«triazinyl, benzofuryl, isooenzofuryi, benzothienyl, isobenzothienyl, 
indolyl, isoindolyl, benzimidazolyl, benzothiazoiyl, benzoxazolyl, 
quinazolinyl, napnthyridinyl, pyrido[3,4-b]pyridyi, pyrido(3,2-b]pyridyl, 
pyrido[4,3-b]pyridyl, quinoiinyi, isoquinolinyl, tetrazolyl, 5,6,7,8-tetra- 

20 hydroquinolinyi and 5.6,7,8-tetrahyaroisoquinoiinyl. 

The heteroaryl group represented by R 5 may be attached to the remainder 
of the molecule of formula (1) through any ring carbon or heteroatom as 
appropriate. Thus, for example, wnen the neteroaryl group is a pyridyl 
25 group it may be a 2-pyridyl. 3-pyridyl or 4-pyridyl group. When it is a 
thienyl group it may be a 2-thienyi or 3-thienyl group, and, similarly, when 
it is a furyl group it may be a 2-furyl or 3-furyl group. When it is a 
pyridazinyi group it may be a 3- or 4- pyridazinyi group, and when it is an 
imidazoiyi group it may De a 1-, 2-. 4- or 5- imidazoiyi group. 

30 

When in compounds of formula (1) the heteroaryi group is a nitrogen- 
containing heterocycie it may be possible to form quaternary salts, for 
example N-alkyl quaternary salts and the invention is to be understood to 
extena to such saits. Thus for example when the heteroaryl group is a 
35 pyridyl group, pyridinium saits may be formea. for example N- 
alkylpyridinium saits such as N-methyipyridinium. 
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The aryl or heteroaryl groups represented by R 5 in compounds of formula 
(1) may each optionally be substituted by one, two, three or more 
substituents [R 10 ]. The substituent R 10 may be selected from an atom or 
5 group R 11 or-AIk 1 (R' t1 )m wnerein R 11 is a halogen atom, or an amino 
(-NH 2 ), substituted amino, nitro, cyano, hydroxyl (-0H), substituted 
hydroxy!, cycloalkoxy, formyi [HC(O)-], carboxyl (-CO2H), esterified 
carboxyl, thiol (-SH), substituted thiol, -C(0)R 7a [where R 7a is as defined 
above for R 7 ], -SO3H, -S0 2 R 7a , -SO^R^R^l, (where R^ is as defined 

10 for R 7a and may be the same as or different to R 7a ), -CONIR^R 88 ], 
-NHS0 2 R 7a , -N[S0 2 R 7a ]2. -NHS0 2 N[R 7a R 8a ], -NHC(0)R 7a . or 
-NHC(0)OR 7a group; Alk 1 is a straight or branched Ci^alkylene, C2- 
ealkenylene, or C 2 ^aikynyiene chain optionally interrupted by one, two, or 
three -O, or -S- atoms or -S(0)p-, (where p is an integer 1 or 2] or -N(R 6 )- 

1 5 groups; and m is zero or an integer 1 , 2 or 3. 

When in the group -Alk 1 (R 11 ) m m is an integer 1, 2 or 3, it is to be 
understood that the substituent or substituents R 11 may be present on any 
suitable carbon atom in -Alk 1 . Where more than one R 11 substituted is 
20 present these may be the same or different and may be present on the 
same or different carbon atom in Alk 1 . Clearly, when m is zero and no 
substituent R 1 1 is present the alkylene. alkenylene or alkynyiene chain 
represented by Alk 1 becomes an aikyi, alkenyl or alkynyl group. 

25 When R 1 1 is a substituted amino group it may be a group -NH[A!k 1 (R 12 )m] 
[where Alk 1 and m are as defined above and R 12 is as defined above for 
rh but is not a suostituted amino, a substituted hydroxyl or a substituted 
thiol group] or a group -N[Alk 1 (R 12 ) m ] 2 wherein each -Alk 1 (R 12 ) m group is 
the same or different. 

30 

When R 1 1 is a halogen atom it may be for example a fluorine, chlorine, 
bromine, or iodine atom. 

When R 11 is a cycioalkoxy group it may be for exampie a Cs-7cycloalkoxy 
35 group such as a cycioDentyloxy or cyciohexyloxy group. 
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When R 11 is a substituted hydroxyl or substituted thiol group it may be a 
group -OAIk 1 (R 12 )m or -SAIk 1 (Ri 2 ) m respectiveiy, where Alk 1 , R' 2 ^ m 
are as just defined. 

5 

Esterified carboxyi groups represented by the group R 11 include groups of 
formula -C02Alk 2 wherein Alk 2 is a straight or branched, optionally 
substituted Ci^aikyl group such as a methyl, ethyl, n-propyl, i-propyl, n- 
butyl, i-butyi, s-butyl or t-butyl group; a Ce.i2arylCi^alkyl group such as an 

10 optionally substituted benzyl, phenylethyl, phenylpropyl, 1-naphthyimethyl 
or 2-naphthylm ethyl group; a Cs.i2aryl group such as an optionally 
substituted phenyl, 1-naphthyl or 2-naphthyl group; a C6-12 aryioxyCi^aikyl 
group such as an optionally substituted phenyloxymethyl, phenyioxyethyl, 
1-naphthyloxym ethyl, or 2-naphthyloxymethyl group; an optionally 

15 substituted C-i-salkanoyloxyCi-salkyl group, such as a pivaloyloxymethyl, 
propionyioxyethyi or propionyioxypropyi group; or a C6-i2aroyloxyCi^aikyl 
group such as an optionally substituted benzoyloxyethyl or 
benzoyloxypropyl group. Optional substituents present on the Alk 2 group 
inciude R 10 substituents describee above. 

20 

When Alk 1 is present in or as a substituent R 10 it may be for example a 
methylene, ethylene, n-propyiene. i-propyiene. n-butylene, i-butylene, s- 
butylene, t-butylene, ethenyiene, 2-propenylene, 2-butenylene, 3- 
butenylene, ethynylene. 2-propynyiene, 2-butynyiene or 3-butynylene 
25 chain, ootionaily interruoted by one. two, or three -O- or -S-, atoms or 
-S(O)-, -S(0)2- or -N(R 6 )- groups. 

Particularly useful atoms or groups represented by R 10 inciude fluorine, 
chlorine, bromine or iodine atoms, or Ci^aikyl, e.g. methyi or ethyl, C1- 

30 ealkylamino, e.g. methylamino or ethyiamino. Ci-6 nydroxyalkyl, e.g. 
hydroxymethyl or hydroxyethyl, Ci-eaikylthiol e.g. methylthiol or ethylthiol, 
Ci^alkoxy, e.g. metnoxy or ethoxy, Cs-Tcycioalkoxy, e.g. cyclopentyloxy, 
naloCi^alkyl, e.g. trifluoromethyl, Ci.6alkyiamino, e.g. methylamino or 
ethyiamino. amino (-NH2), aminoCi-salkyI, e.g. aminomethyl or aminoethyl, 

35 Ci.6dialkylamino, e.g. dimethylamino or diethylamino, nitro. cyano, 
hyaroxyi (-OH), formyi [HC(O)-], -COaH, -C02Alk 2 {where Alk 2 is as defined 
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above], C1-6 alkanoyi e.g. acetyl, thiol (-SH), thloCi^alkyl, e.g. thiomethyl 
or thioethyl, sulphonyl (-SO3H), Ci^aJkylsulphonyl, e.g. methylsulphonyl, 
amincsulphonyl (-SO2NH2), Ci-6alkylamlnosulphonyl, e.g. methylamino- 
sulphonyl or ethylaminosuiphonyl, Ci.6dialkylaminosu!phonyl, e.g. 
5 dimethylaminosulpnonyl or diethylaminosulphonyl, arylaminosulphonyl, .e.g. 
optionally substituted phenyiaminosulphonyl, aralkyiaminosulphonyl, e.g. 
optionally substituted benzyiaminosuiphonyl, csrboxamido (-CONH2), Ci- 
eaJkylaminocarbonyl, e.g. methylaminocarbonyl or ethylaminocarbonyl, C-j. 
edialkylaminocarbonyl, e.g. dimethyl-aminocarbonyl or diethyiamino- 

10 carbonyl, sulphonylamino (-NHSO2H), Ci-eaikylsulphonyfamino, e.g. 
methylsulphonylamino or ethylsuiphonyt-amino, Ci^diaikylsulphonylamino, 
e.g. dimethyisulphonylamino or diethyi-sulphonylamino, aminosulphonyl- 
amino (-NHSO2NH2), Ci-ealkylaminosulphonylamino, e.g. methylamino- 
suiphonyiamino or ethyiaminosuiphonylamino, Ci^dialkylaminosulphonyl- 

15 amino, e.g. dimethylaminosuiphonylamino or diethyfaminosulphonyiamino, 
Ci-ealkanoylamino, e.g. acetylamino, Ci^alkanoylamino d-ealkyl, e.g. 
acetylaminomethyl or Ci-6aikoxycarbonyiamino, e.g. ; methoxycarbonyl- 
amino, ethoxycarbonylamino or t-butoxycarbonylamino groups. 

20 Where desired, two R 10 substituents may be linked together to form a 
cyclic group such as a cyclic ether, e.g. a C2^aikylenedioxy group such as 
ethyienedioxy. 

It will be appreciated that wnere two or more R 10 substituents are present 
25 these need not necessarily be the same atoms and/or groups. The R 10 
substituents may be present at any ring carbon atom away from that 
attached to the rest of the molecule of formula (1). Thus, for example, in 
phenyl groups representea by R s any substituent may be present at the 2-. 
3-, 4-, 5- or 6- positions relative to the ring carbon atom attached to the 
30 remainder of the molecule. 

In the compounds of formula (1), wrien an ester group is present, for 
example a group -C02Alk 2 this may advantageously be a metabolicaJIy 
labile ester. 

35 
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Th presence of certain substituenis in the compounds of formula (1 ) may 
enabl salts of the compounds to be formed. Suitable salts include 
pharmaceuticaliy acceptable-salts, for example acid addition salts derived 
from inorganic or organic acids, and salts derived from inorganic and 
5 organic'bases. 

Acid addition salts include hydrochlorides, hydrobromides, hydroiodides, 
aikylsuiphonates, e.g. methanesulphonates, ethanesuiphonates, or 
isethionates. arylsulphonates, e.g. p-toluenesulphonates, besyiates or 
10 napsylates, phosphates, sulphates, hydrogen sulphates, acetates, 
trffluoroacetates, propionates, citrates, maleates, fumarates, maionates, 
succinates, lactates, oxalates, tartrates and benzoates. 

Salts derived from inorganic or organic bases include alkali metal salts 
15 such as sodium or potassium salts, alkaline earth metal salts such as 
magnesium or calcium saits. and organic amine salts such as morpholine, 
piperidine, dimethylamine or diethylamine salts. 

Particularly useful saits of compounds according to the invention include 
20 pharmaceuticaliy acceptable salts, especially acid addition 
pharmaceuticaliy acceptable saits. 

Prodrugs of compounds of formula (1) include those compounds for 
example esters, alconots or amines, wnich are convertible, in vivo, by 
25 metabolic means, e.g. by hydrolysis, reduction, oxidation or 
transestenfication, to compounds of formula (1 ). 

In general in compounds of formuia (.1), the group R s and the phenyl ring 
to which the group C(R 3 )=C(R 4 )ZR S is attached are in a "trans" 'position 
30 relative to one anotner. 

In the compounas of formula (1), the grouo Y is preferably an -OR 1 group, 
esoecially where R 1 is an optionally suostituted Ci-3alkyl group, particularly 
an ethyl group or, especially, a methyl group. Especially useful 
35 substituents which may be present on R 1 groups include one, two or three 
fluorine or chlorine atoms. 
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The group X in compounds of formula (1) is preferably -0-. 

m 

A particularly useful group of compounds of formula (1) has the formula 
5 (2): ' { 

O-H 2 

C(R 3 )=C(R 4 )ZR 5 

where R 2 is an optionally substituted cycloalkyl group; R 3 ,R4 RS and Z 
10 are as defined for formula (1); and the salts, solvates, hydrates and N- 
oxides thereof. 

In the compounds of formulae (1) and (2) R 2 is preferably an optionally 
substituted cyclopentyt group. In particular, R 2 is a cyciopentyl group. 



15 



The group R 3 in compounos of formulae (1) or (2) is preferably a -CH3 
group, or especially a hydrogen atom. 



In compounds of formulae (1) or (2) the group R 4 is preferably a hydrogen 
20 atom, a -CN or a -CH3 group. 

Z in the compounos of formulae (1) or (2) is preferably -{CH2)rr where n is 
zero. 1 or 2. In particular, however. Z is especially -(CH2)n- where n is 
zero. 

25 

R s in the compounds of formulae (1) or (2) is preferably an optionally 
substituted phenyl group, particularly a phenyl group optionally substituted 
by one, two or more R 10 groups, and is especially a 2-, 3- or 4- 
monosubstituted or 2,6-disubstituted phenyl group. Particular substituents 
30 inciuoe halogen atoms, especially fluorine or chlorine atoms and nitro, 
amino, alkoxy, haloalkyl. hydroxy, -NHCOR 7a , -NHCONHR 7a and 
•NHS02R 7a groups. 
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Particular R 5 groups include 2-nitrophenyl, 2-haloalkylphenyl, e.g. 2- 
trifluoroalkylphenyl, 2-halophenyl, e.g. 2-fluorophenyl, 2-chlorophenyl, or 
2-bromophenyl, 3-halophenyl, e.g. 3-fluorophenyl, 4-hydroxyphenyl, 2,6- 
5 di-halophenyl, e.g. 2,6-difluorophenyl, or 2,6-dichlorophenyl and 2,6- 
diaikoxyphenyi, e.g. 2, 6-dimethoxyphenyl. 

Other particularly useful R 5 groups in compounds of formulae (1) and (2) 
include 2-,3- and 4-pyridinyl, thienyl e.g. 2-thienyl, pyridazinyi, e.g. 3- or 4- 
10 pyridazinyi, and imidazolyl e.g. 1-. 2-, 4- or 5- imidazolyi groups, optionally 
substituted by one, two or more R 10 groups, especially halogen atoms, 
e.g. fluorine or chlorine atoms, e.g. 3,5-dichloro-4-pyridinyl, nitro, amino, 
alkoxy, haloalkyl, hydroxy, -NHCOR 7a , -NHCONHR 78 or -NHS0 2 R 7a 
groups. 

15 

Particularly useful groups of compounds of formulae (1) or (2) are those 
wherein R 3 is a hydrogen atom, R 4 is a hyarogen atom, or a -CH3 or -CN 
group and Z is a group (CH2)n where n is zero, and the salts, solvents, 
hydrates and N-oxides thereof. Especially useful compounds in groups of 
20 these types are those wherein R s is an optionally substituted phenyl or 
pyridinyi group. 

Particulariy useful compounds according to the invention are 

25 (Z)-3-(3-Cyciooentyloxy-4-methoxyphenyl)-2-{4-hydroxyphenyl) 
propenenitriie; 

(E)-4-[2-(3-Cyclopentyloxy-4-methoxyphenyi)ethenyi]pyridine; 
(Z)-4-[2-(3-Cyciopentyloxy-4-meThoxyphenyi)ethenyl]pyriaine; 
(Z)-3-(3-Cyclopentyloxy-4-methoxypnenyi)-2-(2-nitrophenyl)propenenitrile; 
30 (Z)-3-(3-Cyciopentyloxy-4-methoxyphenyi)-2-(4,5-dichloro-1-imidazolyl) 
propenenitriie 

(2)-3-(3-Cyclopentyloxy-4wneihoxypnenyl)-2-{4^yridyl)propenenrmie; 
(E)-4-{2-[1 -(3-Cyciooentyloxy-4-me!hoxy)phenyi]-1 -propenyljpyridine; 
(Z)-3-(3-Cyciopentyloxy-4-methoxyphenyl)-2-{2-thienyl) propenenitriie; 
35 (Z)-3-(3-Cyclooentyioxy-4-methoxypnenyi)-2-(2,6-difluorophenyl) 
propenenitriie; 
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(E)^2-{3^yclopentyloxy-4wTiethoxypnenyi)8thenylp3,5^ichIoropyridlne; 

(25^(3^yclopentyloxy«4-fnethoxyphenyl)-2-{2,6Klichlorophenyl> 

propenenitrile; 

N44^2,-{3-Cyciopentytoxy-4^ethoxyphenyl)ethenyl]-3-pyridyl} 
5 phenylsulphonamide; 

(E)^{2-(3^yclopentyloxy-4-rnethoxyphenyl)ethenylh3-nitropyridine; 
(E)-2-{2-(3-Cyclopentyloxy-4-methoxyphenyl)ethenyl]pyridine; 
(E)^{2-(3-Cyciopantyloxy-4-methoxyphenyl)ethenyllpyrimidine;or 
(E)-4-[2-(3-Cyclopentyloxy-4-m6thoxyphenyl)ethenyllpyridazine; 
1 0 and the salts, solvates, hydrates and N-oxides thereof. 

Compounds according to the invention are selective and potent orally 
active inhibitors of PDE IV. The ability of the compounds to act in this way 
may be simply determined by the tests described in the Examples 
15 hereinafter. 

The compounds according to the invention are thus of particular use in the 
prophylaxis and treatment of human or animal diseases where an 
unwanted inflammatory response or muscular spasm (for example bladder 
20 or alimentary smooth muscle spasm) is present and where the elevation 
of cAMP levels may be expected to prevent or alleviate the inflammation 
and relax muscle. 

Particular uses to which the compounds of the invention may be put 
25 include the prophylaxis and treatment of asthma, especially inflamed lung 
associated with asthma, cystic fibrosis, or in the treatment of inflammatory 
airway disease, chronic bronchitis, eosinophilic granuloma, psoriasis and 
other oenign and maiignant proliferative skin diseases, endotoxic shock, 
septic shock, ulcerative colitis, Crohn's disease, reperfusion injury of the 
30 myocardium and brain, inflammatory arthritis, chronic glomerulonephritis, 
atopic dermatitis, urticaria, adult respiratory distress syndrome, diabetes 
insipidus, allergic rhinitis, allergtc conjunctivitis, vernal conjunctivitis, 
arterial restenosis and artneroscierosis. 

35 Compounas ot the invention aiso suppress neurogenic inflammation 
ihrougn elevation of cAMP in sensory neurones. They, are, therefore. 



94/20455 



13 



PCI7GB94/004S2 



analgesic, anti-tussive and anti-hyperalgesic in inflammatory diseas s 
associated with irritation and pain. 

Compounds according to the. invention may also elevate cAMP in 
5 lymphocytes and thereby suppress unwanted lymphocyte activation in 
immune-based diseases such as rheumatoid arthritis, ankylosing 
spondylitis, transplant rejection and graft versus host disease. 

Compounds according to the invention have also been found to reduce 
10 gastric acid secretion and therefore can be used to treat conditions 
associated with hypersecretion. 

Compounds of the invention suppress cytokine synthesis by inflammatory 
cells in response to immune or infectious stimulation. They are, therefore, 

15 useful in the treatment of bacterial, fungal or viral induced sepsis and 
septic shock in which cytokines such as tumour necrosis factor (TNF) are 
key mediators. Also compounas of the invention suppress inflammation 
and pyrexia due to cytokines and are, therefore, useful in the treatment of 
inflammation and cytokine-mediated chronic tissue degeneration which 

20 occurs in diseases sucn as rheumatoid or osieo-arthritis. 

Over-production of cytokines sucn as TNF in bacterial, fungal or viral 
infections or in diseases sucn as cancer, leads to. cachexia and muscle 
wasting. Compounds of the invention ameliorate these symptoms with a 
25 consequent enhancement of auaiity of life. 

Compounds of the invention aiso elevate cAMP in certain areas of the 
brain and thereby counteract aeoression and memory impairment # 

30 Compounds of the invention suppress cell proliferation in certain tumour 
cells ana can oe used, therefore, to prevent tumour growth and invasion of 
normal tissues 

For the prophylaxis or treatment of disease the compounds according to 
35 the invention may oe administerea as charm aceutical compositions, and 
according to a further aspect of the invention we provide a pnarmaceutical 
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composition which comprises a compound of formula (1) together with one 
or more pharmaceutical^ acceptable carriers, excipients or diluents. 

m 

Pharmaceutical compositions according to the invention may take a form 
5 suitable for oral, buccai, parenteral or nasal administration, or a form 
suitable for administration by inhalation or insufflation. Forms suitable for 
oral administration are particularly useful. 

For oral administration, the pharmaceutical compositions may take the 
10 form of, for example, tablets, lozenges or capsules prepared by 
conventional means with pharmaceutical ly acceptable excipients such as 
binding agents (e.g. pregelatinised maize starch, polyvinylpyrrolidone or 
hydroxypropyi methylcellulose); fillers (e.g. lactose, microcrystalline 
cellulose or calcium hydrogen phosphate); lubricants (e.g. magnesium 
15 stearate, talc or silica); disintegrants (e.g. potato starch or sodium 
glycollate); or wetting agents (e.g. sodium lauryl sulphate). The' tablets 
may be coated by methods well known in the an. Liquid preparations for 
oral administration may take the form of, for example, solutions, syrups or 
suspensions, or they may be presented as a dry product for constitution 
20 with water or other suitable vehicle before use. Such liquid preparations 
may be prepared by conventional means with pharmaceutical^ acceptable 
additives such as suspending agents, emulsifying agents, non-aqueous 
vehicles and preservatives. The preparations may also contain buffer 
salts, flavouring, colouring and sweetening agents as appropriate. 

25 

Preparations for oral administration may be suitably formulated for adult or 
pediatric use and/or to give controlled release of the active compound. 

For buccal administration the compositions may take the form of tablets or 
30 lozenges formulated in conventional manner. 

The compounds of formula (1) may be formulated for parenteral 
administration by injection e.g. by bolus injection or continuous infusion. 
Formulations for injection may be presented in unit dosage form. The 
35 compositions for injection may take such forms as suspensions, solutions 
or emulsions in oily or aqueous vehicles, and may contain formulatory 
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agents such as suspending, stabilising and/or dispersing agents. 
Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g. sterile pyrogen-free water, before use. 

5 In addition to the formulations described above, the compounds of formula 
(1) may also be formulated as a depot preparation. Such long acting 
formulations may be administered by implantation or by intramuscular 
injection. For transdermal administration, the compounds according to the 
invention may be formulated in delivery vehicles such as patches, 

10 

For nasal administration or administration by inhalation, the compounds 
for use according to trie present invention are conveniently delivered in the 
form of an aerosol spray presentation for pressurised packs or a nebuliser, 
with the use of suitable propellant, e.g. dichlorodifluoromethane. 
15 trichlorofluoromethane. dichlorotetrafluoroethane. carbon dioxide or other 
suitable gas or mixture of gases. 

The compositions may, if desired, be presented in a pack or dispenser 
device which may contain one or more unit dosage forms containing the 
20 active ingredient. The pack or dispense device may be accompanied by 
instructions for administration. 

The Quantity of a compound of the invention required for the prophylaxis or 
treatment of a particular inflammatory condition will vary depending on the 

25 compound chosen, and the condition of the patient to be treated. In 
general, however, daily dosages may range from around I00ng/kg to 
100mg/kg, e.g. around O.Olmg/kg to 40mg/kg oody weight for oral or 
buccal administration, from around 10ng/kg to 50mg/kg body weight for 
parenteral administration, and around 0.05mg to around 1000mg fbr nasal 

30 administration or administration by innaiation or insufflation. 

The compounds according to the invention may be prepared by' the 
following processes. Tne symbols Y. R 2 . R 3 . R 4 , R s . X and Z, when used 
:n tne formulae beiow are to be understooo to represent tnose groups 
35 described above in relation to formula (1 ) uniess otherwise indicated. 
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Thus according to a further aspect of the invention, a compound of formula 
(1) may be prepared by reacting a compound of formula (3): 



X-R 2 




5 

where 

(a) W is a -C(0)R 3 group wherein R 3 is as defined for formula (1) but is 
not a -CN or -CH2CN group, with a compound R S ZCH2R 4 ; or where 

(b) W is a -CH2R 3 group with an aldehyde or ketone R 5 ZCOR 4 , where R 4 
10 is as just defined for R 3 ; or where 

(c) W is a -CO(R) 3 group with a silane derivative Alk3SiCH(R 4 )(R5), where 
Alk is an alkyl group; in the presence of a base or an acid in a suitable 
solvent 

15 Bases for use in these reactions include inorganic bases, for example 
alkali and alkaline earth metal bases, e.g. hydroxides, such as sodium or 
potassium hydroxide; alkoxides, for example sodium ethoxide, and organic 
bases, for example amines such as piperidine; or an organoiithium, such 
as an aikyllithium, e.g. n-butyllithium. Suitable solvents include alcohols 

20 such as ethanoi, or ethers such as tetrahydrofuran. Acids for use in the 
reaction include organic acids, e.g. carboxyiic acids such as acetic acid. 

The reaction may be performed at any suitable temperature, for example 
from around «78°C to ambient temperature to the reflux temperature 
25 depending on the nature of the starting materials. 

In general, the base. acid, solvent and reaction conditions may be 
selected depending on the nature or the starting materials, from a range of 
known alternatives for reactions of this type. 

30 

In silane derivatives of formula Alk SiCH(R 4 )(R 5 ), Alk may be for example 
a Ci^alkyl group such as a methyl group. Derivatives of this type may be 
prepared for example by reacting a compound R 5 -CH2-R 4 with a silane 
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derivative, such as chlorotrimethyisilane. in the presence of a base, e.g. 
lithium diisopropyiamide, in a solvent, e.g. tetrahydrofuran, at a low 
temperature e.g. around -10PC. 

5 The stilting materials R S ZCH 2 R 4 . R s ZC0R 4 f and R 5 CH2R 4 are either 
known compounds or may be prepared from known starting materials by 
methods analogous to those used for the preparation of the known 
compounds. 

10 Intermediates of formula (3) where W is a -C(0)R 3 group where R 3 is an 
alkyi group, such as a methyl group, may be prepared by reacting an 
aldehyde of formula (3) where W is a -CHO group with an organometallic 
• reagent, such as methyimagnesiumbromide, in a solvent, e.g. 
tetrahydrofuran, at low temperature, e.g. around 10°C. followed by 

15 oxidation with an oxidising agent, such as manganese dioxide, in a 
solvent, e.g. dichloromethane. 

Alternatively, Intermediates of formula (3) may be prepared by alkylation of 
a corresponding compound of formula (4) 

20 



X-H 




using a comoound R 2 Hal [where Hal Is a halogen atom such as a bromine 
or chlorine atom] where necessary in the presence of a base such as 
caesium or potassium carbonate or an alkoxide such as potassium t- 
butoxide, in a dipolar aprotic solvent such as an amide, e.g. a substituted 
amide such as dimethyiformamide at ambient temperature or above e.g. 
around 40°C to 50°C. 

Intermediates of formula (4) are either known compounds or may be 
prepared from known starting materials by methods analogous to those 
used for the preparation of the known compounds. 
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In another aspect of the invention, a compound of formula (1) may b 
prepared by alkylatton of a compound of formula (5) 



with a halide R 2 Hal. or with an alconol R 2 OH. 

The alkytation with the halide R 2 Hal may be performed using the reagents 
and conditions described above for the preparation of compounds of 
formula (4). Alkyiation using an alcohol R 2 OH may be performed in the 
presence of a phosphine, such as triphenylphosphine. and an activator, for 
example diethyl azodicarboxylate, in the presence of an organic base such 
as triethylamine in a solvent such as tetrahydrofuran at an elevated 
temperature, e.g. the reflux temperature [see for example Mitsunobu, O., 
Synthesis, 1981, 1]. 

Intermediates of formula (5) may be prepared by reaction of an aldehyde 
or ketone of formula (4) with a compound R 5 ZCH2R 4 as described above 
for the preparation of compounds of formula (1) from compounds of 
formula (3). In this reaction the group X-H may need to be in a protected 
state. Conventional hydroxy, amino or thiol protecting groups may be 
used in accordance with standard practice [see, for example,. Green T.W., 
in 'Protective Groups in Organic Synthesis' John Wiley and Sons, 1981]. 

According to a further aspect of the invention a compound of formula (1) 
may be orepared by dehydration of an alcohol of formula (6) 



XH 





O(R 3 )(0H)CH(R 4 )(ZR 3 ) 



(6) 
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using an acid at an elevated temperature. 

Suitabl acids include for example phosphoric or sulphonic acids, e.g. 4- 
toiuenesuiphonic acid. The reaction may be performed in an inert organic 
5 solvent' for example a hydrocaroon such as toluene, at an eievated 
temperature, for example the reflux temperature. 

Intermediate alcohols of formula (6) may be prepared, by reaction of a 
ketone of formula (3) with an organometallic reagent R 4 R 5 ZCHM [where M 
10 is a metal atom, for example a lithium atom] in a solvent such as an ether, 
e.g. a cyclic ether such as tetranydrofuran, at a low temperature e.g. 
around -70°C to ambient temperature. 

Reagents R 4 R 5 ZCHM are either Known compounds or may be prepared, 
15 preferably i n situ during the above process, by reaction of a compound 
AIKCH2M or [AlkfeNM [where Aik is an alkyi group such as a n-propyl or i- 
propyl group] with a compound R 4 R S ZCH2 using the just mentioned 
reaction conditions. 

20 According to a still funner aspect of the invention, a compound of formula 
(1) may be prepared by reaction of a phosphonium salt R 13 P + Ar3Hal* 
where R 13 is a group of formula 



X-R 2 




I 



25 

Ar is an aryi group such as a phenyl group and Hal is a halogen atom such 
as a chlorine, bromine or iodine atom, with a compound R s ZCOR 4 in the 
presence of a base in a suitable solvent. 

3G Bases tor use in this reaction include alkowdes. for example alkali metal 
alkoxides sucn as sodium ethoxide or organometallic bases such as 
phenyilithium. Suitable solvents include alcohols, such as ethanol, and 
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ethers, e.g. cyclic ethers such as tetrahydrofuran. The reaction may 
generally be performed at ambient temperature. 

m 

Intermediate phosphonium salts of formula R 13 P*Ar3HaJ* may be 
5 prepared by reaction of a haiide of formula (7) 



with a phosphine Arts?. 

10 

Intermediate halides of formula (7) may be prepared by reaction of an 
alcohol of formula (8) 

x-R* 



CH^OH) (8) 



15 

with a hydrogen haiide in a solvent such as an ether. 

Intermediate alcohols of formula (8) may be prepared by alkylation of a 
compound of formula (9) 

20 




(9) 



with a haiide R 2 Hai as described above for the preparation of compounds 
of formula (1) from intermediates of formula (5). 

25 
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Intermediates of formula (9) are either known compounds or may be 
prepared by methods analogous to those used for the preparation of the 
known compounds. 

5 in yet another aspect of the invention, a compound of formula (1 ) may be 
prepared by reaction of a phosphonate ester of formula (10) 



X-R 2 




10 [wherein is a -P(0)(0R 15 )(0R16) group, where Ris and W *, which 
may be the same or different is each an alkyi, e.g. ethyl, aryl, e.g. phenyl 
or aralkyl e.g. benzyl group] with a compound R 5 ZCOR 4 in the presence 
of a base in a suitable solvent. 

15 Suitable bases include hydrides such as sodium hydride and aikoxides, for 
example alkali metal aikoxides such as sodium ethoxide. Solvents include 
Tiers, for example cyclic ethers such as tetrahydrofuran. 

Phosphonate esters of formula (10) may be prepared by a Michaeiis 
20 Arbuzov reaction of a halide of formula (8) with a phosphite 
P(0R15) 2 0R16. 

Compounds of formula (1) may also be prepared by interconversion of 
other compounds of formula 11). Thus, for example, a substituted 

25 monocyclic or bicyclic aryl group R 5 in compounds of formula (1) may 
generally be obtained by an appropnate suostitution reaction using the 
corresponding unsuDstituted compound of formula (1) and a R 10 
containing nucleophile or eiectrophile. Similarly, where it is desired to 
obtain a compound of formula (1) wnere R 3 anci/or R 4 is other than a 

30 hydrogen aiom. an appropriate nucieophiie ana reagents and/or reaction 
conditions favouring nucleophilic addition, may be used with the 
corresponding compound of formula (1) where R 3 and R 4 is a hydrogen 
atom. Alternatively, a- group R 3 and/or R 4 in formula (1) may be 
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manipulated using conventional chemical procedures to yield other groups 
R3 and/or R 4 . 



5 Thus, In one example of an interconversion process a compound of - 
formula (1) wherein R 5 contains a -CH2NH2 substituent may be prepared 
by reduction of a corresponding compound wherein R 5 contains a nitrile 
group, using for example a complex metal hydride such as lithium 
aluminium hydride in a solvent such as an ether e.g. diethytether. 

10 

in a further example, a compound of formula (1) wherein R s contains 
-NHCOR 7a , -NHCONHR 73 , -NHCON(R7a) 2 , -NHCSR 7a or alkanoyiamino- 
alkyl substituent may be prepared by acyiation or thiolation of a 
corresponding compound wnerein R 5 contains a -NH2 or alkylamino group 
15 by reaction with an acyi halide e.g. an acyi chloride, an acyi alkyi or aryi 
isocyanate or a thiol halide in the presence of a base, such as a tertiary 
amine e.g. triethylamine or pyridine, optionally in a solvent such as 
dichloromethane. 

20 In a still further exampie, a compound of formula (1) wherein R s contains 
an alkoxy substituent may be prepared by alkyiation of a corresponding 
compound wherein R s contains a hydroxy! group by reaction with a 
compound AlkHal [where Alk is a C-i-e alkyl group such as a methyl or 
ethyl group and Hal is a halogen atom such as an iodine atom] in the 

25 presence of a base such as caesium or potassium carbonate in a dipolar 
aprotic solvent such as an amide, e.g. dimethylformamide at ambient 
temperature or above. 

In another example, a compound of formula (1) wherein R 3 and/or R 4 is a 
30 «CN or -CH2CN group may be prepared by dehydration of a corresponding 
amide where R 3 and/or R 4 is -CONH2 or -CH2CONH2 using for example 
trifiuoroacetic anhydride in the presence of a base such a pyridine in a 
solvent such as tetrahydrofuran. 

35 N-oxides of compounds of formula (1 ) may be prepared by oxidation of the 
corresponding nitrogen base using an oxidising agent such as hydrogen 
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peroxide in the presence of an acid such as acetic acid, at an elevated 
temperature, for exampl around 70°C to 80°C. 



5 Salts of* compounds of formula (1) may be prepared by reaction of a 
compound of formula (1) with an appropriate acid or base in a suitable 
solvent using conventional procedures. 

The following examples illustrate the invention. 

10 

The following abbreviations are used: 



DMF 


dimethyiformamide 


THF 


tetrahydrofuran 


DME 


dimethoxyethane 


EtOAc 


ethyl acetate 


B 2 0 


diethylether 


RT 


room temperature 


IDA 


lithium diisopropyiamide 



20 INTERMEDIATE 1 

a) a^veiooentvlQxv^methoxvfaenzatdehvde 
Caesium caroonate (21 4g, 0.66mol) was added to a mixture of 3-hydroxy- 
4-methoxybenzaidehyde (lOOg, 0.66mol) and cyclopentyt bromide (98g, 
0.66mol) in anhydrous DMF (50ml). The reaction mixture was stirred at 

25 RT for 1 6h then treated with a further portion of cyciopentyi bromide (98g f 
0.66mol) ana caesium caroonate (21 4g, 0.66mol). After a further 6h at 
RT, the mixture was filtered ana concentrated in vacuo . The residue was 
dissolved in dichloromethane (300ml) and washed with sodium hydroxide 
soiution (10%; 2x150ml). The- organic layer was dried (MgSC*), 

30 concentrated in vacuo, and distilled (ISO^C, 10-2mbar) to afford the Iffla 
compound (130g) as a viscous coiourless oil. (Found: C, 70.38; H, 7.48. 
C13H16O3 requires C. 70.89: H. 7.32%); 5h (CDC! 3 ) 1.5-2.0 (8H, br m. 
CM2)4). 3.87 (3H. s. OMe). 4.80 (1H, br m. OCfcLCHa), 6.90 (1H, d, JL 
3.7Hz. ArH orttio to OMe), 7.30-7.45 (2H. m. 2xArii msia to OMe), and 

35 3.77 (1H, s.ArCHO). 
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b) 3-CvdQpentylQXV-4-methoxvfaen2vlalcohot 
From 3-hydroxy-4-methoxybenzyl alcohol (50g, 0.324mol), cydopentyloxy- 
bromide (70ml, 0.648mol), caesium carbonate (72.83g, 0.222mol) and 
sodium, Ipdide (5.63g, 0.037mol). Chromatography (Si02; EtOAc-CeHi.*. 
5 1:3) to yield the title compound (25.782g). (Found C, 69.92; H, 8.18. 
C13H18O3 requires C, 70.25; H, 8.16). 

INTERMEDIATE 2 
3.5-Otchlore^mathvlnvridlne 

10 3,5-Dichloropyridine (2.04g, 13.5mmol) in THF (5ml) was added dropwise 
to a solution of LDA [prepared from diisopropylamine (1.9ml, 13.5mmol) 
and n-butyllithium (1.6M, 8.4ml, 13.5mmol)] in THF (25ml) at -70°C. After 
stirring at this temperature for 5 min, iodomethane (0.85ml, 13.5 mmol) 
was added and the reaction mixture stirred for a further 1.5h at -70°C. 

15 Saturated sodium hydrogen carbonate solution (20ml) and 
dichloromethane (20ml) was added and the organic phase separated, 
dried (MgS04), and concentrated in vacuo. The residue was subjected to 
chromatography (S1O2; Et20-hexane, 1:3) to afford the title compound 
(1.168) as a pale yellow solid; 8h (CDCI3) 2.46 (3H, s, Me), and 8.36 (2H, 

20 s, pyridine Jtk, tie)- 

INTERMSPJATS 3 

a) 4»f^3^c|opeptYlOXY^m^QXYPhQnylV2'hYdrgXY9thYn-3^- 
dfchloroovridfnQ 

25 Intermediate 2 (2 2Pg, 13 mmol) in THF (40ml) was added dropwise to a 
solution of LDA (prepared from diisopropylamine (2.4ml, 17mrriol) and n- 
butyllithium (1.6M. 10.2ml. l6mmol)] in THF (50ml) at -70°C and the 
mixture stirred at this temperature for 0.25h. A solution of Intermediate 1 
(3.32g, 15mmol) in THF (50ml) was men added at -70°C and the reaction 

30 mixture allowed to warm to RT overnight. Saturated ammonium chloride 
solution (50 ml) and dichloromethane (50ml) was added and the organic 
phase separated, dried (MgS04). and concentrated in vacuo. The 
residual yellow solid was triturated with hot Et20 to afford the tills 
compound fc.fi5g) as a white solid m.p. 139-140°C (Found: C, 59.49; H, 

35 5.68: N. 3.57. C19H21CI2NO3 requires C. 59.69: H, 5.53; N, 3.66%); 8h 
(CDCI3) 1.5-2.1 (9H. br m, CU2U + OfcD. 3.2-3.5 (2H, m, CJd2Ar) t 3.81 .(3H, 
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s, OMe), 4.7 (1H, br m, OCHCH2), 5.01 (1H. dd 1 5.8, 8.4Hz, CHOH), 
6.75-6.9 (3H, m, Artf. oxfop. to OMe + 2xArM meta to OMe), and 8.36 (2H f 
s. pyridine bla Me); HJ/Z 383 £10%), 381 (17), 221 (46), 163 (49), 161 (74), 
153 (100), 152 (24), 151 (17), 125 (27), 93 (48). 65 (25), and 41 (34). 

5 

The following intermediates were prepared in a manner similar to 
Intermediate 3a: 

10 b) 2-r2^3-Cvciooentvtoxv^UmethoxvDhenvlV2424nvdroyvethvl1 

pyrfdlnq 

From 2-methylpyridine (1.02g, 11mmol), LDA (1.0 equiv), and 
Intermediate 1 (2.45g, Hmmol). The crude product was subjected to 
chromatography (Si02l Et20) to afford the title compound (2.67g) as a 

15 yellow solid m.p. 94-96°C (Found: C. 72.89; H, 7.43; N, 4.58. 
C19H23NO3 requires C, 72.82: H, 7.40; N, 4.47%); 8h (CDCI3) 1.5-2.1 
(9H, br m, (CtbU + OH) .3.09 (2H, d, 1 6.1 Hz. CfchAr), 3.80 (3H, s, 
OMe), 4.74 (1H, br, d, OCHCH2). 5.06 (1H. t, 1 6.1Hz. CEOH), 6.8-7.2 
(5H, m, ArH ortho to OMe + 2xArHnifiia to OMe + pyridine H3, H4), 7.56 

20 (1H, m, pyridine Ms), and 8.47 (1H, dm, J, 4.5Hz, pyridine Us); mlZ 313 
(M+, 5%), 153 (16), 152 (90), 151 (53), 93 (100). 80 (17), and 41 (14). 



c) 4-r243»Cvcioperrtvtoxv-4-methoxvphenvlV2-hvdroxvethvn 

25 pyrimidine 

From 4-methylpyrimidine (2.15g. 23.6mmol). LDA (1.0 equiv), and 
intermediate 1 (5.l2g, 23.0mmol). The crude product was subjected to 
chromatography .(Si02; Et20) to afford the title compound (3.83g) as an 
amber oil. (HCI salt m.p. 21 1-21 3^0) fHCl ssit Found: C, 62.24; H, 6.68; 

30 N, 8.06. C18H23N2O3 requires C. 81.44: H. 5.87; N, 7.96%); 8h <CDCI 3 ) 
1.5-2.1 (8H. br m, (CH^U). 3.10 (2H. a, J_ S.5 Hz. CH^Ar). 3.80 (3H, s, 
OMe), 4.15 (1H. br. s OHJ. 4.74 (1H. br. m. OCHCH 2 ). 5.10 (1H, t, J 
6.5Hz, CHOH), 6.75-6.9 (3H, m. ArH onno to OMe -r 2xArH meta to OMe), 
7.09 (1H. dd. i 4.9Hz, pyrimidine Ms). 3.53 (1H. d, i4.9Hz, pyrimidine Ms), 

35 and 9.07 (1H. d, ± 4.0Hz. pyrimidine H2); miz 314 (M+ 16%), 296 (19), 
228 (23), 227 (75), 166 (18). 153 (22). 152 (20). 151 (16). 94 (100), and 41 
(26). 
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d) 4-f2.f1^3^vciQnentv«oxv-4-methoxvDhenvl^14ivdf Q ^pf nffY |} 

pyridine. 

From 4-ethylpyridine (2.50g, 2.65ml, 23.33mmol), LDA and Intermediate 1 
5 (5.14g, *23.33mmol). Recrvstallisation (CHCla/hexane) afforded the Htla 
compound (0.582g) as colourless fluffy needles, m.p. 131.5-132.3°C. 
(Found: C, 72.38; H, 7.74; N, 4.22. C20H2SNO2V4H2O requires C, 
72.44; H.7.56; N,4.10%). 

10 

INTERMEDIATE 4 

a) 4^243.Cvclopentvtoxv«4> methQXvnhenvlV2.hvdrt«vethv^ 

n-Butyll'rthium (1.6M in hexanes) (9.5ml, 6.0mmol) was added dropwise to 
15 a solution of metnylpyrida2ine (0.47g, 5.0mmol) in THF (25ml) at -70°C. 
The reaction mixture was allowed to stir at this temperature for 0.5h then a 
solution of Intermediate 1 (1.1 g, 5.0mmol) in THF (20ml) was added The 
mixture was allowed to warm to RT then partitioned between 
dichlorom ethane (25ml) and saturated sodium hydrogen carbonate 
20 solution (25ml). The organic phase was separated, dried (MgS04), and 
concentrated in vacuo to afford the title compound which was used In the 
next step [Exampie 7a] without any further purification. 

The following Intermediates were prepared in a- manner similar to 
25 Intermediate 4 a. 

b) 442-/3>Cvclo oentvloxv-4-methoxvDhenvlV2-hvdroxvethvn . 

pyridine 

From 4-methylpyridine (3.00g, 32.1 mmol), n*butyllithium (32.1mmoJ), and 
30 Intermediate 1 (6.82g, 31.0mmol). The crude product was subject to 
chromatography [S1O2; EtOAc-hexane. 3:2 (500ml) to 4:1 (1000ml) then 
EtOAc-methanol 9:1 (1500ml)] to afford the title compound (9.68g) as fine 
white needles m.p. 97-1 01 °C (from toluene) 5h (CDCI3) 1-5-2.0 (8H, br m, 
(CH2)4. 2.45(1 H, br, s, CHOH), Z96 (2H, d, 1 6.5 Hz, C\h pyridine), 3.80 
35 (3H. s, OMe). 4.70 (1H. br, m. OCHCH 2 ). 4.81 (1H, 1. 1 6.5Hz, CHOH), 
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6.76(3H, s, Aridfldfco. to OMe + 2xArtim2ia to OMe), 7.00 (2H, dm, J. 
4.5Hz. pyridine Hj, Us), and 8.33 (2H, dm, J 4.5Hz, pyridine Us). 

m 

c) 2^2»f3-Cvc<oDentvtoxv-4.methoxvDhenv<V2^vdrmfVBthvq 

5 PYfazine 

From methylpyrazine (0.94g, nmmol), n-butyllithium (1.6M; 6.9ml, 
llmmol), and intermediate 1 (Z2g, lOmmol) to afford the title enmnntmri 
which was used in the next step [Example 7c)] without any further 
purification. 



INTERMEDIATE 5 

f3^CfgpgntYlQXT-4-mgthqXYPhgnvl)-3-hYqrqXY-2- 

fphenYlmethYQpropane-1-nitrHe 

1 5 3-Phenylpropioniiriie (2.62g, 20mmol) was added dropwise to a solution of 
LDA (prepared from n-BuLi (1.6M solution in hexanes) (14ml, 22mmol) 
ana bLtt-diisopropylamine (3.5ml, 25mmol)] in THF (100ml) at -70°C. A 
solution of Intermediate 1 (4.4g) in THF (25ml) was then added and the 
reaction mixture was ailowed to warm to RT then poured into N2LHCO3 

20 solution (50ml) and extractea with CH2CI2 (2x50ml). The extract was 
dried (Na2S04). concentrated in vacuo, and the residue subjected to 
chromatography (Si02; Et20-hexane, 1:1) to afford the title compound 
(4.34g) as a pale yellow oil; m/Z 351 (M+ 10%), 221 (22), 153 (100), 152 
(19), 151 (15), 125 (15), 93 (25), 92 (25), 65 (14) and 41 (16). 

25 



INTERMEDIATE 5 

(3^ctQPePWlQW-4-methQXy)pnenyt methyl ketone 
30 To a solution of methylmagnesiumbromide (5.44ml) in THF (150ml) at 
10°C was added Intermediate 1. The reaction mixture was left to stir at 
RT for 5-6hr, then NH4CI and Et2<0 (100ml) were added and the solution 
stirred for another 90 min (the solution went from hazy to clear). The 
layers were separated. the aqueous layer was extracted with E*20 (50ml) 
35 the combined organic layer was extracted with a saturated bicarbonate 
soiution (100ml) then orine (100ml). Evaporation in vacuo afforded 1- 
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metnoxy-2-cyciopentyloxy-4-(l-hydroxyethyi)banzen9 which was disolved 
in dichlorom ethane (300ml) before adding Mn02 (10eq). The reaction 
mixture was stirred for I20h, then the MnC-2 was filtered off and the 
solvent evaporation in vacuo. . Purification by column chromatography 
5 (Si02; dlchloromethane-hexane, 350-150 to dichloromethane) afforded.the 
title compound. 

INTERMEDIATE 7 

4^^Cvdooentvloxv.^ethoxvphenvlV2.methvl.2.hvdroxvethvii 
10 pyridine 

To a cold (-78°C) solution of 4-picoline (0.80ml) in THF was added n-BuLi 
(5.6ml), the solution stirred for 30mtn then transferred to a cold suspension 
of cerium chloride anhydrous (2.0g) at '78*0. The reaction mixture was 
stirred for ih before adding Intermediate 6 in THF then left to warm to RT 

15 overnight. 10% NH4CI solution and EtOAc were added, the solution was 
filtered through Celite, washed with EtOAC (150ml) and the organic layer 
was separated, washed with brine (100ml) then dried (Na2S04). The 
solvents were evaporated in vacuo to afford the title compound (2.367g) 
as pale off-white crystals m.p. 99-1 01 °C. Found C. 73.21; H, 7.63; N r 

20 4.20. C2oH2sN03 requires C 73,37; H, 7.70; N. 4.28%). m/Z (EI) 327 
(M+ 3%). 235 (1 8), 1 66 (38), 151 (1 00), and 93 (54). 

INTERMEDIATE 8 

3-CveionentvtOYV-4-m6thorvtaenzv< aicohol 

25 Intermediate 1b (0.6g, 2.7mmol) was dissolved in ethereal HCl. the 
solution stirred at RT and followed by thin layer chromatography until 
complete disappearance of the starting material. The solution was 
washed with saturated sodium bicarbonate solution. The organic layer 
extracted and dried (Na2SO<t). Concentration in vacuo afforded the litis 

30 compound (o.395g). 

INTERMEDIATE 9 

3^veloDentvloxv-4»methoxvpen2vttrinhe nvlDhosnhQnium chloride 
A mixture of Intermediate 8 (10.4g. 43.2mmol) and triphenylphosphine 
35 (11.5g, 43.8mmol) in toluene (100m!) was heated to reflux for 18h. The 
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reaction mixture was concentrated in vacuo and the residue triturated with 
acetone (250ml) to afford the title compound (I9.5g) as a white solid. 

* 

lhfTgRMEPIATE 10 
5 Dt^vl3^eiQ^errtvloxv-<UnathoxvfaenzvlphosphQnate 

A mixture of Intermediate 8 (52.7g, 0.22moi) and sodium iodide (32.9g, 
0.22mol) in triethyl phosphite (76.4a;, 0.46mol) was heated at 100°C for 
24h. The reaction mixture was partitioned between EtOAc (200ml) and 
water (200ml) and the organic iayer was separated. The extract was 
10 washed (brine; 50ml), dried (MgS04). and concentrated in vacuo to give a 
pale yellow oil (70g). A portion (40g) of the oil was distilled (190-210°C, 
10-2 mbar) to afford the title compound (20, 3g, 27%) as a colourless oiL 



15 aXAMPlg 1 

a) m.343.Cvclo pentv<oxv.a.methoxvohenvn-2^2.thtenvn 

ffroognenitrite 

2-Thiopheneacetonitrile (1.1 ml, 10mmol) and Intermediate 1 (2.29g, 
lOmmol) was dissolved in ethanol (10ml) and added to a solution of 

20 sodium hydroxide (0.5 1g, l2.8mmol) in water (5ml). The reaction mixture 
was allowed to stir at RT for 2h then partitioned between dichioromethane 
(20ml) and saturated sodium hydrogen carbonate solution (15ml). The 
organic layer was separated, dried (MgS04). and concentrated in vacuo to 
give a yellow gum which was recrystaiiised from ethanol to afford the litis 

25 compound (3.35g) as yellow crystals m.p. 100-101°C. (Found: C, 69.47; 
H, 5.80; N, 4.18. C19H19NO2S requires C. 70.13; H, 5.80: N, 4.18%); 5h 
(CDCI3) 1.5-2.1 (8H. br m, (Cikk). 3.87 (3H. s, OMe), 4.85 (1H. or m, 
OCfclCH2), 6.83 (1H. d. J. 8.5Hz. ArH.oufcG.to OMe), 7.00 (1H, dd, J. 4.5. 
3.5Hz. thiopriene JI4). "15-7.3 (4H. m. ArhLcaca to cycloperityloxy + 

30 CHj=CCN+thiophene H3, H5), and 7.60 (1H, d, J. 2.2Hz. ArjjOfthQ to 
cyclopentyloxy); sr/z 326 (M+ -r 1. 23%), 325 (M+ 37), 259 (34), 258 (85). 
257 (1 00). 224 (24). 21 4 (27), 1 97 (21 ), 1 96 (93) and 41 (29). 
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The following compounds were prepared in a manner similar to the 
compound of Example 1 a. 
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b) fZV3-/3.Cvdo nentvtQXV-4-methoxvphenv1V2.Dhenvt- 

prcpgrrenttrite 

From phenylacetonitrile (0.52g, 4.4mmoi) and Intarmediata 1 (0.95g, 
5 4.3mmdl). Chromatography (Si02; EtOAc-hexane) gave the litis 
compound (0.81 g) as a yellow solid m.p. 84-86% (Found: C, 78.83; H, 
6.60; N, 4.38. C21H21NO2 requires C, 78.97; H, 6.63; N. 4.39%); Sh 
(CDCI3) 1.5-2.1 (8H, m. (Ctl2)4). 3.86 (3H. s, OMe)* 4.82 (1H, br m, 
OCIICH2), 6.85 (1H, d, J 8.8Hz, ArUflflbfl to OMe), 7.15-7.7 (7H, m t Aitl 
1 0 cam to cyclopentyloxy + CH*CCN + Cetls). and 7.67 (1 H, d, i 2.3Hz, Arti 
oftho to cyclopentyloxy); m/Z 319 (M+. 33%), 252 (49), 251 (100), 218 
(15), 208 (32), 190 (48), 180 (15). 152 (15) and 41 (20). 



15 c) fZV3-/3-Cvclonentvloxv-4-mgthoyvDhenvlW2-ovr1dv1V 

propenenitrlte 

From 2-pyridylacetonitrile (11mmol) and Intermediate 1 (2^0g, 10mmol). 
Trituration of the crude product with ethanol gave the title eomoound 
(2.40g) as a yellow solid m.p. 82.5-83°C (Found: C, 74.87; H, 6.27; N, 

20 8.46. C20H20N2O2 requires C, 74.98; H, 6.29; N, 8.74%); 5h (CDCI3) 1.5- 
2.1 (8H. br m, (Cfc^U). 3.824(3H, s. OMe), 4.80 (1H, br m, OCHJCH2), 
6.84 (1H, d, Jl 8.6Hz, Arti ASM to OMe), 7.05-7.25 (1H, m, pyridine ids), 
(1 H, dd, J. 8.6, 1 .95Hz, Arid para to OMe ), 7.6-7.75 (3H. m ArtLfifl&a to 
cyciopentyloxy+ pyridine H3±U), 8.29 (1H, s, CtbCCN) and 8.52 (1H, 

25 ca.a, 1 4.6 Hz. pyndine Hfi); mlZ 320 (M+ 15%), 252 (38), 251 (100). 237 
(5). 236 (10). 209 (5). 179 (5). and 41 (8). 



d) r2V3-/3.Cvc<OPentvloxv^U methoxvohenv»V.2-r3-DvridvlV ' 

30 propenenitrile 

From 3-pyridylacetonitrile (2.35ml, 22mmol) and Intermediate 1 (4.40g, 
20mmol). Chromatography (Si02; EtOAc) gave the title compound (5.31 g) 
as a paie yellow solid m.p. 86.5-87.5°C (Found: C. 74.80; H, 6.26; N. 
8.74. C20H20N2O2 reauires C, 74.98: H, 6.29: N, 8.74%); Sh (CDCI3) 1.5- 

35 2.1 (8H. br m, (Cti2) 4 ). 3.87 (3H. s. OMe), 4.82 (1H, br m. OCHCH2), 6.86 
(1H, d. 1 8.6Hz. ArH ortho to OMe). 7.2-7.4 (2H. m, Artipaia to OMe + 



WO 94/20455 PCT/GB94/00452 

31 

pyridine J±3), 7.42 (1H, s. CH=CCN), 7.70 (1H, d, J. 2.0Hz, Add jafltlflto 
cyciopentyioxy), 7.87 (1H, dm, i 7.6Hz, pyridine hU), 8.53 (1H, dd, J. 4.8, 
1.3Hz, pyridine Ha) and 8.84 (1H, d, J 2.4Hz, pyridine fcfc); mlz 320 (M+ 
20%), 252 (100), 251 (67), 234 (20), 223 (27), 205 (27), 151 (50). 69 (22), 
5 and 41 <31). 

e) m^3-Cvclonentv<oxv-4 -methoxvDhenvl.2^4-DvridvlV 

ranfiflgpittUfl 

From 4-pyridylacetonitrile (1.7g, nmmol) and Intermediate 1 (2.20g, 
10 20mmol). Trituration of the crude product with etnanol gave the litla 
compound (2.75g) as an orange solid m.p. 125-127°C. (Found: C, 74.84; 
H. 6.29; N, 8.33. C20H20N2O2 requires C. 74.98: H, 6.29; N, 8.74%); 8h 
(COCI3) 1.5-2.1 (8H, br m, (CH^U). 3.84 (3H, s, OMe). 4.83 (1H, br m t 
OCUCH2), 6.83 (1H, d, i 8.2Hz, Arid crtho to OMe), 7.26 (1H, dd, i 8J2. 
15 2.2Hz. Arid Qflia to OMe ), 7.44 (2H, dd. 1 4.7, 1.7Hz pyridine tbJds). 
7.53 (1H, s, CHaCCN) 7.69 (1H, d, i 2.2Hz. Arid onto to cyciopentyioxy), 
8.56 (2H, dd, i 4.7,1.5 Hz. pyridine M2. H 6 ); d/2 320 (M+, 28). 253 (19), 
252 (100), 251 (59). 224 (15). 223 (38). 209 (10), and 41 (23). 

20 

f) {ZV343-Cvciopentvloxv-4-meth oxvp hgnvl-2-/1-naphthvn 
nronenenitTtte 

From 1-naphthyiacetonitrile (i.67g, lOmmoij and Intermediate 1 (2£g, 
10mmol). The reaction mixture was extracted with dichloromethane then 

25 the extract dried (MgSOa) and concentrated in vacuo to afford the tills 
compound (2.56g) as a yellow soliti.p. 161-163°C (Found: C, 
31.22: H. 6.29: N, 3.77. C25H23NO2 reauires C, 81.27; H. 6.27; N, 
3.79%); 8h (CDCI3) 1.5-2.1 (8H. br m. (Cij2M). 3.89 (3H. s, OMe), 4.85 
OH. br m. OCHCH2), 6.87 (1H. a ± 9.1Hz. ArH Qfthp to OMe), and 7.15- 

30 9.1 (1 OH, m. 2xArti ortho to OMe + CH=CCN + Ciofci7): ffi/z. 320 (M+ + 1 , 
9%), 369 (M+, 30). 302 (23), 301 (100). 268 (10). 240 (17). 202 (5), and 41 
(5). 



gj fZV3-/3-CveiQnenTvloyv-^-meThoxvphenvn- g-^-naphthvn 
orooenenltrile 
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From 2-naphthylac tonitrile (l.67g, lOmmol) and Intermediate 1 (2L2g, 
lOmmoi). The crude product was recrystallised from ethanol to afford the 
title compound (3.14g) as a pal yellow solid, m.p. 147-148°C (Found: C, 
81.15;, H, 6.24; N, 3.56. C25H23NO2 requires C, 81.27; H, 6.27; N, 
5 3.79%); 8H (CDCI3) 1.5-2.1 (8H. br m, (CH^a), 3.88 (3H, s, OMe), 4.87 
(1H, br m, OCiiCH^, 6.86 (1H, d, 1 8.3Hz, ArH mate to OMe), and 7.2- 
8.1 (10H, m, 2xArtL meta to OMe + CH=CCN + Cioil7); mlz 370 (M+ + 1 , 
10%), 369 (M+ 40), 302 (23), 301 (100), 240 (20), 167 (12), 124 (38), and 
41 (10). 

h) fZV3-(3-Cvclooentvloxv-4-methoxvphenvlV2./3-thienvl> 
propenenltrila 

From 3-thlenylacetonltrile (1.2ml, 10.5mmol) and Intermediate 1 (2^1 g, 
10mmol). The crude product was recrystallised from ethanol to afford the 

15 title compound (2.50g) as a yellow solid m.p. 83-84°C (Found: C, 69.86; 
H, 5.85; N, 4.18. CigH 19 N0 2 S requires C, 70.13; H, 5.89; N, 4.30%); 5h 
(CDCI3) 1.5-2.1 (8H. br. m, (Cfchk). 3.86 (3H, s, OMe), 4.85 (1H, br m, 
OCHCH2), 6.84 (1H, d. i 8.0Hz, ArUflDto to CMe) 7.15-7.5 (5H, m, naj2 
to cyclopentyloxy + CU=CCN) + thiophene Jda. H4. Ms) and 7.62 (1H, d, A 

20 2^Hz. Arfci ortho to cyclopentyloxy); mlz 325 (M+ 34%). 258 (23), 257 
(100), 256 (10), 226 (1 1). 214 (19), 197 (12), and 196 (30). 

0 gV3^3«<>/c<opentv1oxv-4^gthowphenv»V242.f!uoroohanYi^ 

prqpgnenftritq 

25 From 2-fluorophenylacetonitri!e d.35g, lOmmol) and Intermediate 1 
(2.20g, lOmmol). Chromatography (Si02," Et20-hexane) gave the tUJfl 
compound (0.5 1g) as a yellow solid m.p. 70-73°C (Found: C, 74.58; H, 
6.08; N, 4.03. C 2 iH 2 oN0 2 requires C, 74.76; H, 5.97; N, 4.15%); 5h 
(CDCI3) 1.5-2.1 (8H. br. m. (0^2)4), 3.88 (3H, s. OMe), 4.83 (1H, br m. 

30 OCHCH 2 ), 6.85 (1 H. d, J. 8.6Hz. ArH ortho to OMe), 6.9-7.6 (5H, m, Artl 
oara to cyclopentyloxy + C6hUF).7.40 (1H, s, CH=CCN), and 7.69 (1H. d, 
J. 2.2Hz. ArH ortho to cyclopentyloxy); m/z 337 (M+ 5%), 269 (55), 220 
(13), 153 (25), 152 (100), 151 (96), 69 (17), 67 (13), and 41 (51). 



35 



.0 



/2V3V3-Cvctooentvloxv-4-methoyvphanylV2- /3.fluorophenvn 

propgnenitr" 
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From 3-fluorophenyiacetonitrii9 (1.2g, lOmmol) and Intermediate 1 {220g, 
10mmol). The crude product was recrystallised from ethanol to afford the 
HHa comnound (2.77g) as yellow crystals m.p. 114-116°C (Found: C. 
74.79;, H. 5.96; N, 4.07. C21H20FNO2 requires C, 74.76; H, 5.97; N, 
S 4.15%)} 8h (CDCI3) 1.5-2.1 (8H, br, m, (CikU), 3.88 (3H, s, OMe), 4.85 ■ 
(1H, br m, OCHCH2). 6.86 (1H, d, J. 8.4Hz, ArHfllltlfl to OMe), 7.0-7.45 
(6H, m, ArUcara to OMe + CH=CCN + Ce&F), and 7.68 (1H, d, i 1.8Hz, 
ArHflEttia to cyclopentyloxy); m/Z 337 (M+ 10%), 270 (23). 269 (100). 208 
(30). 149 (13), 55 (14) and 41 (17). 

10 

k) m-343^vclo oentvloxv-4-methoxvohenvlV2.r4.fluorophenvn 
prooenenitrile 

From 4-fluorophenylacetonitrile (1.3g, 10mmol) and Intermediate 1 (2.41 g, 
11mmol). The reaction mixture was filtered to afford the title comnound 
" 15 (3.34g) as colourless crystals m.p. 139-1 41 °C (Found: C. 74.80; H, 5.95; 
N, 4.05. C21H20FNO2 requires C, 74.76; H, 5.97; N, 4.15%); 8h (CDCI3) 
1.5-2.1 (8H. br, m, (CH^a), 3.87 (3H. s, ORe). 4.82 (1H, br m. 
OCHCH2), 6.85 (1H, d, J. 8.6Hz, Aitiflfltiato OMe), 6.95-7.2 (3H, m, ArH 
aara to cyciopentyloxy + 2xArH flfltlfl to F). 7.30 (1H, s, CH*CCN), 7.45- 
20 7.7 (3H. m, ArfcL ortho to OCp + 2xArtL meta to F); m/Z 337 (M+, 1 1%), 
271 (21), 269 (100), 226 (13), 208 (25). and 41 (19). 

I) f7%243^hlo ropn6nviV343^ciooentvioxv.a-mathoxvphenv1^ 
pronenenttrile 

25 From 3-chlorophenyiacetonitrile (L53g, lOmmol) and Intermediate 1 
(2.21g, lOmmol). The crude product was recrystallised from ethanol to 
afford the titls nomnouna (3.01 g) as yellow crystals m.p. 98-100.5°C 
(Found: C. 71.40; H. 5.70; N, 4.03. C21H20CINO2 requires C, 71.28; H. 
5.70; N, 3.96%); OH (CDCI3) 1.5-2.1 (8H. br m. (CtU) 4 ), 3.87 (3H. s, 

30 OMe), <82 (1H. br m. OCH.CH 2 ). 6.85 (1H, d. i 3.4Hz. ArH.cjlt2c.t0 
OMe), and 7.2-7.7 (7H, m. 2xArfcl msia to OMe + CeHtO + CUfCCN); 
m/Z 353 (M+, 26%), 288 (18), 287 (85), 286 (56), 235 (100),224 (37),' 207 
(22) ana 41 (45). 



35 m) r7V2-(3-BromoDhenvlV3-/3^vclOD emvloxv-^mPthoyvphenvO 

aropen nftjiie 
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From 3-bromophenyiacetonitrile (l.97g. lOmmol) and Intermediate 1 
(2J24g, lOmmoi). The crude product was recrystaJlised from ethanol to 
afford the title compound ' (2.94g) as yellow crystals m.p. 90-91 .5°C 
(Found; C, 63.38; H, 5.01; N, 3.48. C 2 iH 2 oBrN02 requires C, 63.33 H, 
5 5.06; N, 3.52%); 5h (CDCI 3 ) 1.5-2.1 (8H, br m, (Cti2)4). 3.88 (3H, s, 
OMe), 4.85 (1H. br m, OCHCH 2 ), 6.85 (1H, d, 1 8.5Hz, ArUaEttiato 
OMe), and 7.1 5-7.75 (7H. m. 2xArH mfita to OMe + CetUBr + CHfCCN) ; 
m£399 (8%), 397 (8), 332 (21), 331 (100), 330 (23), 329 (100), 235 (15), 
217 (16), 207 (26), 190 (14), 178 (12), and 41 (38). 

10 

n) (EV343^clQ HentvlQ^-4^6thQrtfPhenvlV2.r2.6^Ifluoraphanvl> 
propenenrtrile 

From 2,6-diflucrophenylacetonitrile (1.86g, 10mmol) and Intermediate 1 
(2.1 9g, 10mmol). Chromatography (Si02; Et20-hexane, 1:4) followed by 

15 recrystallisation from ethanol gave the title compound (0.3g) as yellow 
crystals m.p. 111-113°C. (Found: C, 70.78; H, 5.37; N, 3.85. 
C2iH 19 F 2 N02 requires C, 70.97 H. 5.39; N, 3.94%);8h (CDCI3) 1.4-1.8 
(8H. br s, (Cid2) 4 ). 3.80 (3H, s. OMe), 4.22 (1 H, br s. OCHCH2), 6.52 (1 H, 
br s, ArH ortho to OMe), and 6.7-7.5 (6H, m, 2xArH meta to OMe + 

20 C6E1F2) ; mlZ 355 (M+. 21%), 288 (19), 287 (100), 244 (11), 152 (48), 
151 (31), and 41 (22). 

o) rzV343-Cvclo pantvioxvU-methoxvphenviV2-(2.6^Hchlorophenvt^ 
prooenenrtrile 

25 From 2,6-dichlorophenyiacetonitrile (1.88g, 10mmol) and Intermediate 1 
(2^1 g, 10mmol). The crude product was recrystallised from ethanol to 
afford the title comoouna (l.95g) as a white solid m.p. 164-166°C. 
(Found: C. 64.88; H, 4.93; N, 3.60. C21H19CI2NO2 requires C, 64.96; H. 
4.93; N, 3.61%); 8h (CDCI3) 1.5-2.1 (8H, br m. (CH2M). 3.8*8 (3H. s, 

30 OMe). 4.85 (1H. br m, OCtiCH 2 ). 6.94 (1H, d, J. 8.4Hz, ArafldHflto 
OMe), 6.86 (1H, s, Ca=CCN), 7.1-7.45 (4H, m, Arfcloaiato cyclopentyloxy 
+ CefcbCy, and 7.75(1 H. d. i 1.8Hz. Ar^ QlhQ to cyclopentyloxy); mfc 
389 (18%). 388 (7), 387 (29), 323 (19). 322 (19). 321 (87). 320 (29), 319 
(100). 284 (18), 252 (19). 249 (24), 241 (25). 177 (14), and 41 (33). 

35 
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p) m^3.<^cto pgntvtoyv^TiethoicvphenvtV243.4^Ich»QrQPhenvn 
PTQPfflOTltTllq 

Fromng 3,4-dichlorophenyiacetonitrile (1.88g, 10mmol) and Intermediate 1 
(Z23g, tOmmoi). The crude product was recrystallised from ethanol to 

5 afford 'the title compound (3.56g, 90%) as a yellow solid m.p. 151.5- 
1540C (Found: C, 64.89; H, 4.93; N, 3.61. C21H19CI2NO2 requires C, 
64.96; H, 4.93; N, 3.61%); 5h (CDCI3) 1.5-2.1 (8H, br m, (Ctl2)4). 3.88 
(3H, s, OMe), 4.82(1 H, br m, OCHCH 2 ), 6.86 (1H, d, J. 8.4Hz, ArttfluHfl 
to OMe), and 7.2-7.7 (6H, m, 2xArtL meta to OMe + CH=CCN+ C6M5CI2); 

10 m/Z 389 (13%), 388 (5), 387 (20), 323 (12), 322 (12), 321 (69), 320 (19). 
319(100), and 41 (21). 

q) /7\^3.Cvc<o nentviQxv.4^rthQ^henviV2-f2.4^lchtoroDhenvl) 
pronenenftrile 

15 From 2,4-dichlorophenyiacetoniirile (1.90g, 10mmol) and Intermediate 1 
(221 g, 10mmol). The crude product was recrystallised from ethanol to 
afford the title compound (2.25g) as a white solid m.p. 105-1 07°C (Found: 
C, 64.93; H. 4.92: N, 3.64. C21H19CI2NO2 requires C, 64.96; H, 4.93; N, 
3.61%); 5h (CDCI3) 1.5-2.1 (8H, br m. (CidzU), 3.88 (3H. s, OMe), 4.86 

20 (1 H, br m, OCHCH 2 ). 6.85 (1 H, d, J 8.6Hz, Arfci QrttlQ to OMe), 7.05-7.45 
" (5H, m, Add para to cyctopentyioxy + CHsCCN+ C6H3CI2); and 7.70 (1 H, 
d. J. 1 .9Hz, Arfci ortho to cyclopentyloxy); jn/Z 389 (12%), 387 (28), 319 
(100), 284 (23), 252 (24), 249 (31 ), and 41 (49) 

25 r) gV3-/3-CvciQnentv<oxv-a ^iethoxvphenvn-2-r2-trifluoromethvl- 
phanvn nrooenenitiile 
From 2-trifluorornetnyiphenyiacetonitrile (1.8g, lOmmol) ana Intermediate 
1 (2.27g, lOmmoi). Chromatography (Si02; Et 2 0-hexane. 1:2) followed 
by recrystallisation from ethanol gave the title compound (0.82g) as a 
30 white solid m.p. 96-98°C (Found: C, 87.93; H, 5.21; N, 3.53. 
C22H20F 3 NO 2 requires C. 68.21; H, 5.20: N. 3.62%); 5h (CDCI3) 1.5-2.1 
(8H, or m. (CH2U). 3.88 (3H. s. OMe). 4.83 (1H. br m, OCIICH2). 6.85 
(1H. d, JL 8.4Hz. ArH ortho to OMe), 6.98 (1H.s.CH=CCN), 7.18 (1H. dd, 1 
3.4, 2.2Hz ArH ortho to cyctopentyioxy), 7.25-7.3 (4H. m. C6H.4CF3)), and 
7.67 (1H. d. J 2.2Hz. ArH ortho to cyclopentyloxy; jjj/z 387 (M+, 17%). 
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320 (53), 319 (100), 276 (14), 256 (19), 248 (18), 208 (9), 207 (9), and 41 
(34). 

s) m.^3^e» 0 Hentvfo^-^methoxvDhenvlV2-/3.trffluornma^Y l - 
5 Dhehvnprananenitrile 

From 3-trifluoromethylphenyiacetonitriIe (l.56g, 10mmol) and Intermediate 

1 (2.34g, 10.6mmol). Chromatography (S1O2; Et20-hexane, 1:1) gave the 

title compound (2.62) as a yellow solid m.p. 70-73°C (Foun± C, 68.14; H, 

5.18; N, 3.55. C22H20F3NO2 requires C, 68.21; H, 5.20; N, 3.62%); 8h 

10 (CDCI3) 1.5-2.1 (8H. br m. (CtkM). 3.88 (3H, s, OMe). 4.85 (1H, br m, 

OCHCH2), 6.87 (1 H, d, i 82Hz, ArJl cjfllQ to OMe), 7.29 (1 H, dd, J. 8.2, 

2.1Hz, ArtL Qara to OMe), 7.42 (1H, s, C&=CCN), 7.45-7.85 (4H, m, 

CaH4CF3), and 7.68 (1H, d, J 2.1Hz, ArH qdM to cyclopentyloxy;) jn/z 

387 (M+, 11%), 320 (23), 319 (100). 276 (7), 258 (9), 67 (6), and 41 (21). 

15 

t) f7W3./3.CvclQoentvloxv^ .methoxvphenvlV2^4-trifluoromethvl- 

PhenvnprQPenenjtrile 
From 4-trifluoromethylphenylacetonitrile (1.85g, 10mmol) and' Intermediate 
1 (2.36g, 10.7mmol). Chromatography (Si02, Et20-hexane, 2:1) gave the 

20 title compound (3.77g) as a yellow solid m.p. 96-99°C (Found: C, 68.32; 
H, 5.26; N, 3.38. C22H20F3NO2 requires C, 68.21; H, 5.20; N, 3.62%); Sh 
(COCI3) 1.5-2.1 (8H, br m. (Cid2)4), 3.89 (3H, s, OMe), 4.85 (1H, br m, 
OCHCH2), 6.87 (1H, d, J. 8.1Hz. ArHfidbP-to OMe) and 7.2-7.75 (7H, m, 
2xAramSla to OMe + C6H4CF3 + CE-CCN); m/Z 387 (M+, 14%), 320 

25 (26), 319 (100). 276 (12), 258 (15). and 41 (10). 

u) gV3-/3-Cvcl opentvloxv-4-methoxvphenvlV2^3-methoxvphenvn 
nrooenenitrile 

From 3-methoxyphenyiacetonitrite (l.48g, lOmmoi) and Intermediate 1 
30 (2^3g, 10mmol). Chromatography (Si02; Et20-hexane. 1:1) gave the tills 
compound (1.97g) as a yellow solid m.p. 83-85°C (Found: C, 75.80; H, 
6.62; N, 4.13. C22H23NO3 requires C. 75.62; H. 6.63: N, 4.00%); 5h 
(COCI3) 1.5-2.1 (8H, br m. (CH2M), 3.83 (3H. s, OMe), 3.87 (3H, s, 
OMe). 4.84 (1H, br m, OCHCH 2 ), 6.8-6.95 (3H. m + d (56.85, J. 7.9Hz), 3 
35 x ArH ortho to OMe). 7. 1 -7.4 (4H, m, ArtL aaca to OMe + ArtL para to 
cyclopentyloxy + ArH meta to OMe and olefin + CHsCCN) and 7.66 (1H, 
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d, J. 1.9Hz. Arti ortho to cyciopentyloxy); jTJ/z 349 (M+, 27%) 282 (28), 
281 (100), 248 (7), 220 (13), and 41 (22). 

v) /ZV3-/3.Cve<opantvtoxv^methoxvohenv<W3.4- 
5 dt'methoxvphenvnpropenenttrile 

From 3,4-dirnethoxyphenylacetonitrile (1.95g, Hmmol) and Intermediate 1 
(2-20g, lOmmol). Chromatography (SlC-2; Et20-hexane, 1:1) gave the title 
compound (2.41 g) as a yellow solid m.p. 101«103°C. (Found: C, 72.68; 
H, 6.46; N, 3.49. C23H25NO3 requires C. 72.80; H, 6.64; N, 3.69%); «H 

10 (CDCI3) 1.5-2.1 (8H, br m, (CHzU), 3.87 (3H, s. OMe), 3.89 (3H. s, 
OMe), 3.92 (3H, s, OMe), 4.84 (1H, br m, OCHCHH. 6.85 (2H, d, J 8.1Hz 
ArMmsta to cyciopentyloxy +ArJ±eritig. to OMe), 7.0-7.35 (4H, m, ArH 
oara to cyciopentyloxy + CH=CCN + ArH ortho and A rH oara to OMe), and 
7.64 (1 H, d, i 2.0Hz, ArH ortho to cyciopentyloxy); ®IZ 380 (M+ + 1 , 5%), 

1 5 379 (M+ 27), 312 (20), 31 1 (100), 295 (12), 278 (5). 250 (8), and 41 (8). 



w) gV3-/3-Cvc{ opentvloxv^-methoxvphenv<V2-/2.3.4.5.6- 
pentafluorophenvnpronenenitrile 

20 From 2, 3, 4, 5, 6-pentafiuorophenyiacetonitrile (2.07g, lOmmol) and 
Intermediate 1 (2.20g, 10mmoi). The crude product was recrystailised 
from ethanol to afford the title compound (1.lg) as orange crystals 
m.p.94.5-96°C. (Found: C. 81.64; H. 3.94; N, 3.26. C21H16F5NO3 
requires G, 61.62: H. 3.94; N. 3.42%); 5h (CDCI3) 1.5-2.1 (8H, br m, 

25 (Clkk). 3.89 (3H. s. OMe). 4.85 (1H, br m. OChLCH 2 ), 6.85 (1H, d, 1 
3.4Hz, ArH ortho to OMe); 7.15 (1H, slightly broadened s, CH>CCN) and 
7.23 (1H, dd. J. 8.4, 2.1Hz. ArtLasa, to cyciopentyloxy); mlz 409 (M+ 
12%), 367 (8), 342 (2D.341 (100). 293 (20), 27(10). 250 (10), and 41 (21). 

30 



EXAMPLE 2. 

a) fZW2-/^Arninoohenvl)-3-(3-cvc>oP6nTvtoxv-4-metho xvphenvU 



35 gropenenrtrile 
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A mixture of intermediate 1 (2.24g, 10mmoi), 4-aminophenylac8tonitrile 
(1.37g, 10mmoi), and piperidine (10 drops) in ethanoi (8mi) was heated to 
reflux for 6h. The reaction mixture was partitioned between 
dichioromethane (20ml) and. brine (10ml). The organic layer was 
5 separated, dried (MgS04), and concentrated in vacuo. The residue was 
subjected to chromatography (S1O2; Et20-hexane, 2:1) to afford the title 
compound (1.1 5g) as a yellow solid m.p. 82-840C (Fbun± C, 75.22; H, 
6.68; N, 7.86. C21H22N2Q2 requires C, 75.42; H, 6.63; N, 8.38%); 8h 
(CDCI3) 1.5-2.1 (8H, br m, (Cfckk), 3.72 (2H, s. AnN^) 3.88 (3H, s, OMe), 
1 0 4.85 (1 H, br m. QC&CHd, 6.87 (1 H t d, J 8.3Hz. ArU ortho to OMe), 7.05- 
7.4 (5H, m ArH caa to cyclopentyioxy + C6H4NH2), 7.52 (1H, d, i 1.8Hz, 
ArH ortho to cyclopentyioxy) and 8.26 (1H, s, CtfsCCN); rjj/t 314 (M+ 
79%). 268 (13). 267 (98). 266 (100). 265 (100), 250 (19). 143 (14), 116 
(34), 89 (21) and 41 (33). 

15 

The following compounds were prepared in a manner similar to the 
compound of Example 2 a. 

20 b) (ZV2^2-ChtorophenylV343«cvciopentvioxy-4-rngthoxvnhenyl) 
ofopenenitrile 

From 2-chlorophenyiacetonitrile (l.53g, lOmmol) and Intermediate 1 
(Z23g, 10mmol). Chromatography (S1O2; Et20-hexane, 3:2) gave the title 
compound (l.85g) as pale yellow crystals m.p. 94-95°C (Found: C, 

25 71.25; H. 5.72; N. 3.84. C 2 iH 2 oCIN0 2 requires C, 71.28; H. 5.70; N, 
3.96%); 5H (CDCI3) 1.5-2.1 (8H. br m. (ClkU), 3.88 (3H, s, OMe), 4.85 
(1H, br m, OCttCH 2 ), 6.85 (1H. d, i 8.3Hz. ArJl Qtfnto OMe). 7.11 (1H. 
s. CHACON), 7.15-7.5 (5H. m, ArfclQaiato cyclopentyioxy + Cefci^Cl). and 
7.72 (1H, d. i 2.2Hz, ArtLoHtlflro cyclopentyioxy); m/z353 (M+, 17%), 

30 287 (43), 286 (23), 285 (100), 250 (64), 218 (75), 207 (28), 206 (25), 190 
(38). and 41 (52). 

c) (ZV2-^-BromophenvlV3-(3.cvclopentvloxv-^-methoxvDhenvn 
35 orooenenitrile 

From 2-bromophenyiacetonitrile (l.OOg, 5.lmmolj and Intermediate 1 
(1.1 3g, 5.1mmol). The crude product was recrystaliised from ethanoi to 
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afford the tm* rnmnound (0.48g) as a white solid m.p. 100-103°C 
(Found: C, 63.36; H, 5.07; N, 3.51. C2iH2oBrN02 requires C. 63.33 H, 
5..06: N, 3.52%); 8h (CDC! 3 ) 1.5-2.1 (8H, br m. (C£i2}4), 3.88 (3H, s, 
OMe), 4.86 (1H, br m, OCHOH2). 6.85 (1H, d, J. 8.4Hz, ArJifldtiato 
5 OMe)V 7.06 (1H. s, Ci±=CCN), 7.15-7.4 (45H, m, ArtL oara to 
cyclopentyloxy + 2xArHinsta to Br + Artf cas. to Br), 7.5-7.65 (1H, m, ArU 
ortho to Br), and 7.72 (1i± d, J 1.9Hz, AftiflfltSflto cyclopentyloxy); m/Z 
399 (47%), 397 (47), 331 (94), 329 (89), 250 (57), 219 (24), 218 (100), 
207 (25). 190 (48), and 41 (36). 

10 

d) m»3^3.CvdQpentvloxv-4 ^nethQxvohenv»V2.(4-nitrophenvn 
propenenftiile 

From 4-nitrophenylacetonitrile (1.66,g lOmmol) and Intermediate 1 (2^0g, 
15 10mmol). Chromatography (Si02; Et 2 0-hexane, 1:1) followed by 

recrystalllsation from methanol-ethanol gave the We compound (L76g) as 

yellow crystals m.p. 185.5-1 87^0 (Found: C. 69.29: H, 5.40: N, 7.67. 

C21H20N2O4 requires C. 69.22; H, 5.53; N, 7.69%); Sh (CDCI3) 1.5-2.1 

(8H. br m. (CI&U), 3.90 (3H, s. OMe), 4.85 (1H, br m, OC&CH2), 6.88 
20 (1 H. d, i 8.5Hz, Aril ortho to OMe). 7.3 (1 H. dd. i 8.5. 1 .9Hz, ArfcL 233 to 

OMe). 7.52 (1H, s. CH=CCN), 7.73 (1H, d, 1 1.9Hz, Ar& flflbato 
' cyclopentyloxy), 7.75 (2H, sa.d. i.8,7Hz, 2xArH ojltio. to NO2); JB/Z 364 

(M+ 7%), 297 (28). 296 (100). 266 (29). 207 (13). 206 (10). 190 (10), and 

41 (28). 

25 

e) f^242.Amtn opn6nv<V3.(3.cvdopentvloxv-^methoxvphenvn 
nrocenenrtrile 

From 2-aminophenyiaceionitrile (l.3g, lOmmol) and Intermediate 1 (2^0g, 
30 lOmmol). Filtration of the reaction mixture gave the title compound 
(1.75g) as a white soiid m.p. 81-82.5°C (Found: C. 74.86; H, 6.63; N, 
8.32. C21H22N2O2 requires C. 75.42; H, 6.63: N. 8.38%); 5H (CDCI3) 1.5- 
2.1 (8H, br m. (CfcbU). 2.14 (2H. s. NH2), 3.89 (3H. s. OMe) 4.85 (1H, br 
m. OCHCH 2 ). 6.88 (1H. d. J. 8.4Hz. Art! ontis to OMe), 7.0-7.5 (4H, m, 
35 C6M4NH2). 7.30 (1 H. dd. i 3.4. 1 .9Hz, Aril oaEa to cyclopentyloxy), 7.55 
(1 H, d, i 1 .9Hz, Aril ortho to cyclopentyloxy) and 8.28 (1H, s, CHACON); 
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m/Z 334 (M+ 32%). 266 (41), 265 (97). 252 (12). 251 (65), 250 (26), 249 
(100), 69(11), and 41 (32). 

5 f) (2V^3^e»opentv<oxvw^^QxwhenvtV-2-/2^ftronhenYf) 
DTOPenenftrile 

Prom 2-nitrophenylacetronitrile (l.62g, 10mmol) and Intermediate 1 
(2.20g, 10mmoi). Chromatography (Si02,* E^O-hexane, 1:1) gave the 
title compound (2.60g) as a yellow solid m.p. 95.5-97°C (Found: C, 69.14; 

10 H, 5.43; N, 7.70. C21H20N2O4 requires C, 69.22; H, 5.53; N, 46.69%); 8h 
(CDCI3) 1.5-2.1 (8H, br m, (Ct&k)." 3.88 (3H. s, OM«). 4.86 (1H, br m, 
OCaCH2). 6.8-7.7 (7H, m, 2xArlim2la to OMe + ArH ortho to OMe + 
CH=CCN + 2xArM meta toN02 + ArH caa toN02), and 7.95-8.1 (1 H, m, 
ArH firtMto N0 2 ); jn/Z 364 (M+, 9%), 332 (19), 296 (33), 265 (20), 264 

15 (100), 250 (12), 249 (35), 225 (10), 221 (17), 152 (60), 151 (26), 69 (16), 
and 41 (30). 



20 example; 3 

a) fZV-3-/3-Cvcloperrtvtoxv-4-mgthOYVPhenvlV2-/4- 

hvdroxvphenvnpropenenftrile 
Sodium ethoxide [prepared from sodium (0.35g, l5mmol) in ethanol 
(10ml)] was added dropwise to a mixture of Intermediate 1 (1.09g, 

25 4.95mmol) and 4-hydroxyphenylacetonitrile (0.67g, 5.03mmol) in ethanol 
(10ml). The reaction mixture was heated to reflux for 3h then partitioned 
between dichlorom ethane (25ml) and saturated sodium hydrogen 
carbonate solution (15ml). The organic layer was separated, dried 
(MgSCU), and concentrated in vacuo . The residue was subjected to 

30 chromatogrpahy (StOa; Et20-hexane, 2:3) to afford the tftte compound 
(1.57g) as a yellow solid m.p. 138-140OC. (Found: C, 75.16; H, 6.35; N, 
4.11. C21H21NO3 requires C. 75.20; H, 6.31; N, 4.18%); 5h (CDCI3) 1.5- 
2.0 (8H, br m, (CH^U). 3.86 (3H. s, OMe). 4.85 (1H, br m, OCHCH2). 5.57 
(1H, br s. OH). 6.84 (3H f 03. d. J. ca.. 8.6Hz. ArH ortho. to OMe + 2xArH 

35 ortho to OH), 7.22 (1 H. dd, J. 8.4, 1.9Hz. ArH ojya to OCp). 7.26 (1 H, s, 
CH=CCN), 7.47 (2H. eg. d. J. ca.. 8.7Hz. 2x Ar£ ms& to OH) and 7.62 
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(1H, d. i 8.7Hz. ArtlJ2ltoato OCp); spfr 335 (M+, 58%), 267 (100), 154 
(28), 129 (41 ), 70 (25), 57 (33), and 41 (40). 

The fallowing compounds were prepared in a manner similar to the 
5 compound of Example 3 a. 

b) gV3^3«Cvctopentvloxv-4.m6thoxvDhenvlV242.methQxvphenv<^ 

prepgrrenltrlte 

From 2-methoxyphenylacetonitrile (L52g, lOmmol) and Intermediate 1 
10 (2.21 g, 10mmol). The crude product was recrystallised from ethanol to 
afford the title compound (1.26g) as white crystals m.p. 85«87.5°C 
(Found: C, 75.67; H, 6.63; N, 3.95. C22H23NO3 requires C, 75.62; H, 
6.63; N, 4.01%); Sh (CDCI3) 1.5-2.1 (8H, br m, (CH^). 3.87 (3H, s, 
OMe). 3.88 (3H, s, OMe), 4.83 (1H, brm. OCtiPH^. 6.83 (1H, d, U 8.4Hz, 
15 ArH ortho to OMe), 6.8-7.4 (5H, m, Arfiaflra, to cyclopentyloxy + 
C6M 4 OMe). 7.25 (1H, s. CfcbCCN), and 7.70 (1H, d, J. 2.1Hz, ArH ortho 
to cyclopentyloxy); jn/z 350 (M+ + 1, 14%), 349 (M^, 57) 282 (20) 281 
(100), 150 (12), 129 (37), 71 (11), 70 (11). 67(13), 57(16), and 41 (22). 

20 

c) r21>2-r4-cmoroohenv(V3.^3-€vetoperrtvloxv-4.methoxvt3h6nvn 
propepeniftite 

From 4-chlorophenylaceironitrile (1.65g, 8.7mmol) and Intermediate 1 
(2.00g, 9.lmmoi). The crude product was recrystallised from ethanol to 

25 afford the title compound (2.74g) as pale yellow crystals m.p. 129-137°C 
(Founa: C. 71.18: H, 5.69; N, 3.82. C21H20CINO2 requires C. 71.28; H, 
5.70: N. 3.96%); 8h (CDCI3). 1.5-2.1 (8H. br m. (CH^U). 3.88 (3H, s, 
OMe). 4.85 (1H, br m, OCttCH 2 ), 6.85 (1H, d, J. 8.4Hz, Arii oUfcato 
OMe), 7.2-7.6 (6H, m. Arfctcsia 10 cyclopentyloxy + CH*CCN + C6H4CI), 

30 and 7.67 (1H. d. i 2.1Hz. ArH ortho ro cyclopentyloxy); mJz 353 (M+ + 
10%), 288 (6), 287 (35), 286 (18), 285 (100). 224 (7), and 207 (10). 



35 



d) rzv2-/4-Brom ophenviV3-(3-cvctopentvloxv-^methoxvphenvn 
propenenitrile 
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From 4-bromopnenylacetonitrile (2.15g, lOmmol) and Intermediate 1 
(2.00g, 9.1mmol). The crude product was recrystallised from ethanoi to 
afford the title compound" (3.27g) as yellow crystals m.p. 116-119°C 
(Found: C, 63.17; H, S.03; N. 3.35. C 2 iH 20 BrNO 2 requires C, 63.33; H, 
5 5.06; N, 3.52%); 8h (CDCI 3 ) 1.5-2.1 (8H, br m, (CiteM. 3.88 (3H, s, • 
OMe), 4.84 (1H, br m, OCaCH2). 6.85 (1H, d, 1 8.5Hz, A/tl fldbfl to 
OMe), 7.15-7.35 (1H, m. ArfcLflais. to cyclopentyloxy), 7.35 (1H, s, 
CH=CCN), 7.48 (4H, s, CefcUCBr). and 7.67 (1H, d, i £1Hz, Artipii&Qto 
cyclopentyloxy); jn/z 399 (16%), 397 (17), 332 (19), 331 (100), 329 (19), 
10 328 (100), 235 (8), 207 (15), and 41 (17). 

e) gV3^3-Cvelo pentvloxv-4-rnethoxvphenvlV»2-/2.6-d?chtorophenvn 

prgpsneniftite 

15 From 2.6-dichlorophenyiacetonitrile (8.00g, 43mmol) and Intermediate 1 
(9.46g, 43mmol). The crude product was recrystallised from ethanoi to 
afford the title compound M2.35o^ as a white solid (see Example 1 0) for 
spectral data). 

20 

f) fZW^3-Cvelopentvloxv-4^TiethoxvphenvlV2-/2.6^lmethoxv- 
phanvh nronenitrile 

From 2.6-dimethoxyphenytacetonitrile and Intermediate 1. The crude 
product was recrystallised from etnanol to afford the title compound as 

25 white crystals m.p. 120.5-122°C (Found: C. 72-88; H, 6.33; N, 3.13. 
C23H25NO4 requires C, 77.80; H, 6.64; N, 3.69%); 8h (CDCI3) 1.45-2.1 
(8H, br m, (CH 2 ) 4 ), 3.84 (6H. s. C 6 H 3 (OMe) 2 ), 3.89 (3H, s. OMe Qlffla to 
cyclopentyloxy), 4.87 (1H, br m. 'OCiD, 6.60 (2H, d, 1 8.4 Hz, CeH3 
(OMe) 2 ), 6.87 (1H, d, i 8.4 Hz, Arjdmsia to OCp). 7.00 (1H, s, CUfCCN), 

30 7.2 (1H, dd, J. 8.4, 2.1 Hz, ArH paia to OCp), 7.29 (1H, d, J. 8.4Hz, Art! 
meta to 2 xOMe). and 7.79 (1H, d, J. 2.1Hz ArMfldhfl to OCp); Ul/Z 379 
(M+ 20%). 312 (21). 311 (100), 280 (11). 152 (43), 151 (72). 150 (33). 
137 (18), 91 (16), 85 (15). 83 (23), 43 (10). and 41 (19). 

35 

eXAMPt.5 4 
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gW3^vctoDentvtoxv-4-methoxvDhenvtV2-/4.mathoxvoheny>), 
propenenftrile 

A mixture of the pnenol of Example 3 (600mg, l.79mmol), caesium 
carbonate (580mg, 1.79mmol), and methyl iodide (0.24mg, 3.8mmol) in 
5 DMF (10ml) was allowed to stir at ambient temperature for I8h. .The • 
reaction mixture was partitioned between dichioromethane (20ml) and 
saturated sodium hydrogen carbonate solution (10ml). The organic layer 
was separated, dried (MgSCU), and concentrated in vacuo. The residue 
was recrystallised from ethanol to afford the title compound (490mg) as 

10 yellow crystals m.p. 102-105°C. (Found: C, 75.43; H, 6.60; N, 3.98. 
C22H23NO3 requires C, 75.62; H, 6.63; N, 4.01%); 8h (CDCI3) 1.5-2.1 
(8H, br m, (Cj&U), 3.82 (3H, s, OMe), 3.87 (3H, s, OMe), 4.82 (1H. br m, 
OCHCH2), 6.84 (1H, d, 1 ca. 8.6Hz, ArH meta to cyclopentyloxy), 6.89 
(2H. cad, J. 8.8Hz, 2x ArHfllttlfl to OMe), 7.23 (1H, dd, J 8.6, 2.5Hz, ArtL 

15 cata to OMe). 7.27 (1H, s. CtfsCCN), 7.53 (2H, ca.d. 1 8.8Hz, 2x Arj± 
meta to OMe) and 7.64 (1 H. d, i 2.0Hz, ArH orrho to cyclopentyloxy); m/z 
349 (M+, 32%), 282 (36), 281 (100), 266 (19), 238 (14), 220 (8), and 41 
(11). 

20 SXAMPWSS 

fg1^r2^3^elopentvtoyv^methoxvphenvnethenvn.3-nitropvridfna 

A mixture of Intermediate 1 (2.1 3g, 9.68mmol), 4-methyl-3-nitropyridine 
(2.47g, 17mmol), and ammonium acetate (1.l9g, 15mmoi) in acetic acid 
(20ml) was heated to reflux for 3h. The reaction mixture was cooled and 

25 partitioned between dichlorometnane (20ml) and saturated sodium 
hydrogen carbonate solution (2 x 10ml). The organic layer was separated, 
dried (MgS04). and concentrated in vacuo. Tne residue was subjected to 
chromatography (Si02; Et20-hexane. 1:1) to afford the title compound 
(1.83g) as an orange solid m.p. 114-1 16°C. (Found: C, 66.94; H, 5.94: N. 

30 8.01. C19H20N2O3 reauires C, 67.05: H. 5.92: N, 8.23%); Sh (CDC! 3 ) 1.5- 
21 (8H, br m, (CH2U), 3.86 (3H. s. OMe). 4.75 (1H, br m. OCHCH 2 ). 6.84 
(1H, d, i 8.5Hz, ArH ortho to OMe), 7.0-7.2 (2H, m, 2x ArH ffifiia to OMe) 
7.30 (1 H, s, CH=CH), 7.38 (1 H. s, CH=CfcD. 7.61 (1 H, d, i 5.4 Hz, pyridine 
Ms), 8.73. (1H. d . JL 5.4 Hz. pyridine Hs). and 9.09 (1H. s, pyridine H2); 

35 m/Z 340 (M-^. 15%) 308 (25). 240 (69), 226 (20), 225 (34), 152 (100), 151 
(31), 149 (29), 121 (29), 68 (26), 67 (66), and 57 (22). ■ . 
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EXAMPIS 5 

a) ^^2-/3^vetQDenTvloxv.4.fT>ethQyvphenvl>ethenvt>3.S. 

5 dichlQrepyridjng 

Intermediate 3a) (2.65g, 6.92mmol) was dissolved in toluene (60ml) 
containing p-toluenesulphonic acid (0.2g) and the mixture heated to reflux 
for 2.5h in a Dean-Stark apparatus. The reaction mixture was 
concentrated in vacuo and the residue subjected to chromatography 

10 (Si02l EtsO-hexane, 1:2) to afford the title compound (1.55g) as yellow 
crystals m.p. 99-1 01°C. (Found: C, 62.68; H, 5.22; N, 3.70. 
CigHigCkNOa requires C, 62.65; H, 5.26; N, 3.85%); 6h (C0CI 3 ) 1.5-2.1 
(8H, br m, (Ci±>)4). 3.86 (3H, s, OMe). 4.82 (1H, br m, OCHCH2), 6.83 
(1H, d, i 8.9Hz, ArtLflattfl to OMe), 6.90 (1H, d, J. 16.6 Hz,CH*CH) 7.0- 

15 72 (2H, m, 2x ArtLmSta to OMe), 7.40 (1H, d, J. 16.6 H^CtbCH). and 
8.42(2H. s, pyridine Hz. H 6 ); W/Z 365 (15%), 363 (20), 297 (67), 296 (28). 
295 (100), 262 (28), 260 (79), 245 (36). 230 (22), 228 (27), 216 (23), and 
152 (24). 

20 The following compounds were prepared in a manner similar to the 
compound of Example 6 a. 



b) fe-2.r2-/3-Cvclooentvloxv.4.methoxvphenv^thenvnDvrid1ne 

25 From Intermediate 3b). The crude product was subjected to 
chromatography (S1O2; Et20-hexane, 2:1) to afford the title compound 
(1.58g) as a pale yellow solid m.p. 76-77.5°C. (Found: C, 77.20; H, 7.20; 
N, 4.63. CigH 2 iN0 2 requires C, 77.26; H, 7.17; N. 4.74%); 5h (CDCI3) 
1.5-21 (8H, br m, (Cl&U), 3.84 (3H, s. OMe), 4.80 (1H, br m. OCfcD. 6.80 

30 (1 H, d, i 8.5Hz, ArH ortho to OMe), 6.95 (1 H, d, A 1 5.6 Hz,CH=CH), 6.95- 
7.7 (5H. m, 2x ArH meta to OMe + pyridine fcb.hU. Hs), 7.51 (1H, d, 1 
1 5.6 Hz,CH=CH), and 8.53(1 H, dm, i 4.9 Hz, pyridine ids); 295 (M+ 
23%), 294 (11), 227 (21), 226 (100), 211 (18), 184 (10), and 154 (13). 

35 

c) rE1-4^2-r3^veiopentvloxv-4.methoxv phenvnethenvnpvrimidlne 



WO 94/20455 



FCI7GB94/Q0452 



45 

From Intermediate 3 c). The crude product was subj cted to 
chromatography (SiOa EtOAc) then recrystallised from Et20-hexane to 
afford the title compound (1.64g) as a pale yellow amorphous solid m.p. 
83-84.5°C. (Found: C, 72.58: H. 6.81; N. 9.40. CiaH2oN 2 0 2 requires C, 
5 72.95; "H, 6.80: N, 9.45%); 5h (300MHz; CDCI3) 1.6-1.7 (2H. br m. ■ 
cyclopentyl H*s), 1.8-2.1 (6H, br m. cyclopentyl H's), 3.90 (3H, s. OMe). 
4.84 (1H. br m, OCHCH 2 ). 6.91 (1H, d, i 16Hz, CH=CH), 6.92 (1H, d, i 

8.3 Hz, ArUflntia to OMe), 7.1-7.2 (2H, m, 2x ArHnifita to OMe), 7.31 
(1H, dd, i5.3, 1.3 Hz, pyridine Hs), 7.81 (1H, d, i 16 Hz,CH=«CfcD, 8.65 

10 (1 H, d, J. 5.3 Hz, pyridine tb), and 9.1 4 (1 H, d, A 1 .3Hz, pyridine M2); m/Z. 
296 (M+ 18%), 228 (26), 227 (100), 213 (6), 212 (7), and 41 (9). 

EXAMPU; 7 

a) fgV4^2^3.Cvclopentvloxv-^methoxvphenvnethenvnDvrida2ine 
15 Intermediate 4a) was dissolved in toluene (50ml) containing 4- 
toluenesulphonic acid (O.lg) and the mixture heated to reflux in a Dean- 
Stark apparatus for 2h. The ceded reaction mixture was poured into 
saturated sodium hydrogen carbonate solution (25ml) and extracted with 
dichloromethane (1x50ml, Ix25mi). The organic extract was dried 
20 (MgSC4), concentrated in vacuo and the residue subjected to 
chromatography (St02; Et20-hexane, 1:1) to afford the title compound 
(370mg). (Found: C, 72.75; H, 6.78: N. 9.23. Ci 8 H 2 oN 2 02 requires C. 
72.95; H. 6.80: N, 9.45%); 5h (CDCI3) 1.5-2.1 (8H. br m. (Ci&k), 3.85 
(3H, s, OMe), 4.82 (1H, br m, OCfcD, 6.75-7.7 (7H, brm, ArH ortho to OMe 
25 + 2x ArH meta to OMe + Cfcf=C£i + pyridazine fcb, H3), 8.95 (1 H, dd, J. 4.3, 

1 .4 Hz, pyridazine hie); 

The following compounds were preoarec in a manner similar to the 
compound cf Example 7a. 

30 

D) (EV4-r243-Cvclopentvloxv^Umethoy /nhenv<tethenvi]pvridine 
From Intermediate 4b). The crude product was subjected to 
chromatography (Si0 2 ; EtOAc) to affora the title compound (7.47g) as 
pale yeiiow needles m.p. 108-108.5°C (from Et20l-hexane). (Found: C, 
35 76.92; H, 7.12; N, 4.88. C19H21NO2 requires C. 77.26; H, 7.17; N, 
4.74%); 6h (CDCI3) 1.5-2.1 (8H. br m. (CH2) 4 ). 3.84 (3H. s, OMe), . 4.81 
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(1H, br m, OCHCH2). 6.77 (1H, d. i 15.8 Hz. CH«CH), 6.81 (1H, d, ifia, 
9 Hz, Arfct ortho to OMe), 6.95-7.1 (3H, m, ArJimSta to OM + CH=CH), 
7.28 (2H, dd, J. 4.7, 1.6 Hz, pyridine J±3. his), and 8.49 (2H, dd ,,14.7, 1,6 
Hz. pyridine tb. He): ffi/Z 295 (M+, 35%), 228 (20), 227 (100), 226 (86), 
5 198(34), 184(23), 167 (12), 166 (16), 154 (10), and 41 (20). 

C) fE1-2-f2-/3.CvdopentvtQxv^.methoxvDhenvl^ethanvqnyrarfnft 
From Intermediate 4c). The crude product was subjected to 
chromatography (S1O2; EtaO-hexane, 1:1) to afford the title compound 

10 (0.80g) as a pale brown solid m.p. 81-83°C. (Found: C, 72.94; H, 6.78; N, 
9.23. C18H20N2O2 requires C, 72.94; H, 6.80; N, 9.45%); 8h (CDCI3) 1.5- 
2.0 (8H, br m, (CtkU). 3.84 (3H, s, OMe), 4.80 (1H, br m, OCift 6.81 (1H, 
d, J. 8.8 Hz, ArH ortho to OMe), 6.93 (1H, d, a 15.9 Hz, CHj*CH), 7.0-7.15 
(2H, m, 2xAr±i meta to OMe). 7.63 (1H, d, i 15.9 Hz. CH=CHJ, and 8.25- 

15 8.60 (3H,m, pyrazineHj, Ms. He). 

d) (E1-4.r2-/3^vclopenMoxv-4-methoxvphenvll1.propenvn, 

pyridine 

From Intermediate 7 (ig) using 10% NaOH solution (25ml). 

20 Chromatography (Si02; dichloromethane) followed by recrystaJiisation 
(hexane) afforded a mixture of (2)- title compound, 4-{2-{1-(3-Cyclo- 
pentyioxy-4-methoxyphenyl)propenyl]pyridine, and the titla compound 
(247mg) as white needles m.p. 78-79°C. Found C, 77.64; H, 7.58; N, 
4.41 C20H23NO2 requires C. 77.63; H, 7.49; N, 4.52%). 5h (80 MHz; 

25 CDCI3) 1 .6-2.0 (8H, br m. (Clkk). 2.26 (3H. d, J. 1 .3Hz, Cfcb), 3.85 (3H, s. 
OMe), 4.75-4.85 (1H, m, OCECH2), 6.60-7.21 (6H, m, Arfci + Pytia Us + 
C*CH), and 8.52 (2H, br d. Pytb, He). m/Z (H) 309 (M+ 30%), 241 (100), 
222 (21), and 212 (29). 

30 e) fE^-442>ri-(3-Cvc!opentvloxv-4.m6thoxvohenv<V1-orooenvn , V 
pyridine hydrochloride 
From Intermediate 3d (0.40g, i.22mmol). Purification by column 
chromatography (Si02; EtOAc) afforded the title compound free base 
which was dissolved in Et20 and treated with ethanolic HCI to give the tiilfi 

35 compound as a fine yellow precipitate, m.p. 197.1 - 200.6°C. (Found: C, 
69.12; H. 6.92: N, 3.96 C20H23NO HCI requires C, 69.45; H, 6.99;. N, 
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4.05%). 5h (80 MHz; CDCI3) 1.6-2.0 (8H, br m, (CH^M. 2.39 (3H. d, J. 
1.0Hz, CH3), 3.87 (3H, s, OCHj), 4.73-4.83 (1H, m, OCUPHd, 6.93-7.0 
(3H, m, ArH), 7.25 (1H, s, HC-C). 7.90 (2H. br d, PyHj, Hs). and 8.65 (2H. 
br d, PyH2, ife). m/Z (H) 309 (M+-HCI), 241 and 212. 

5 

EXAMPLE 8 

f^)^r2^Cvclopentv tnyv^-methoitvnhenvltethenvnDvridine 

A solution of sodium ethoxide (prepared from sodium (0.1 Og, 4.50mmoi)] 

in ethanoi (50ml) was added over 5 min to a stirred mixture of 4-pyridine 

10 carboxaldehyde (0.44g, 4.10mmo!) and (3-cyclopentyloxy-4- 
methoxyphenyO-methyltriphenylphosphonium chloride (2.00g, 4.08g) in 
ethanoi (30ml). After 2h, the reaction mixture was concentrated in vacuo 
and the residue partitioned between EtOAc (75ml) and brine (50ml). The 
organic layer was separated, then dried (MgS04) and concentrated M 

15 vacuo. A 1 H n.m.r. spectrum indicated that the mixture consisted of a 3:2 
mixture of (Z) : (E) title compound (and triphenylphosphine oxide). A 
portion (0.6g) of the mixture was subjected to chromatography (Si02; 
hexane to EtOAc) to afford pure ra-titie compound (0.1 4g) as a pale 
yelow solid m.p. (Founa: C. 77.18: H. 7.16; N, 4.63. C19H21NO2 requires 

20 C, 77.26; H, 7.17; N, 4.74%); 8h (300MHz; CDCI3) 1.5-1.55 (2H, br m f 
cyciopentyl HJs), 1.65-1.9 (6H. br m. cyctopentyl HJs), 3.83 (3H. s, OMe). 
4.44 (1H, br m, OCMCH2), 6.40 (1H. d, 1 12.2 Hz. CH=CH), 6.65-6.80 
(4H, m. ArH ortho to OMe + 2*ArH meta to OMe + CH=CHJ, 7.15 (2H, fig, 
d, i 6.0 Hz, pyridine H2. Hs); m/z 295 (M+ 22%), 228 (15). 227 (100), 226 

25 (94), 198 (35), 184 (15). 166 (12), 43 (19), and 41 (29). 

EXAMPLE 9 

r2V3.r3-Cvc»Qpentvloxy-4.methoxv PhenviV2-(phenvimethvn ^ 
nronenenttrile 

30 A solution of Intermediate 5 (l.lg) in toluene (100ml) containing 4- 
toluenesuiphonic acid (0.05g) was heated to reflux for 3h. Tne reaction 
mixture was partitioned between saturated sodium hydrogen carbonate 
solution (50ml) and dichloromethane (50ml). The organic phase was 
separated then dried (MgS0 4 ) and concentrated in vacuo. The residue 

35 was subjected to chromatograpny (Si0 2 ; Et 2 0-hexane. 1:1) to afford the 
title compound (0.90g) as an off-white solid m.p. 111-112°C. (Found: C, 
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79.12; H, 7.00; N, 4.13. C22H23NO2 requires C, 79.25; H f 6.95; N, 
4.20%); 6h (CDCI3) 1.5-2.1 (8H, br m. (CHjM, 3.64 (2H, d, J_0.9Hz. 
PhCtfc), 3.83 (3H, s. OMe),* 4.85 (1H, br m, OCHCH 2 ), 6.78 (1H, d, i 8.3 
Hz. Ar|i fld&ft to OMe), 6.82 (1H f d, i 0.9Hz, CH=CCN), 7.07 (1H. dd, i 
5 8.6, 2.6Hz. ArtLoaca to cyclopentyloxy), 7.2*7.3 (5H, sa. s. CeHs), .and • 
7.50 (1H, d, i 1.8Hz, ArH ortho to cyclopentyloxy); mfc333 (M+, 16%), 
266 (19), 265 (100), 264 (25), 222 (11), 137(11), 115 (14), and 41 (13). 

EXAMPLE 10 

10 (ES and fZI Isomers of 3^3.CvcloP8ntvloxv^methoxvphanvll2^4.^ 
dtchlortvMmfdazolvn prooenenitrHe 

4,5-dichloroimidazol-1-yl acetonitriie (purified by dissolution in CH2CI2, 
containing fiorisil and Si02) (2.99g, 0.01 6mol) in THF (5ml) was added to 
a solution of LDA [made from diisopropylamine (190ml, 0.0135mol) and n- 

15 butyiiithium (10.60ml)] in THF at 0°C. The reaction mixture was stirred at 
0°C. for £a 30min, filtered and concentrated to dryness. Purification by 
column chromatography (S1O2; EtOAc-hexane, 1:3) gave (1) (7) title 
compound (0.21 8g) after trituration in hexane as a yellow solid m.p. 87.8- 
88.8 (Found: C, 57.05: H, 4.48; N, 10.96 CiaHi70 2 N 3 Cl2 requires C, 

20 57.16; H, 4.53; N, 11.11%). 5h (80MHz; CDCI3) 1.5-2.0 (8H, br m, 
(Cfcl2)4). 3.84 (3H, s. OCH3), 4.3-4.4 (1H, m, OCHCH2), 6.00 (1H, s, ArtD, 
6.77 (2H, br s, ArJD, 7.33 (1H. s, HC*C or imid CHJ, and 7.42 (1H, S, 
HC=C or imid CfcQ. m/Z (El) 379 (M+, 3%), 377 (5), 308 (10), 276 (11), 
275 (13), 274 (41), 273 (28), 247 (11). 242 (100). 230 (22), and 214 (10). 

25 

(2) (F> title compound (0.1 QQg) as pale yellow crystals m.p. 129.3-131.9 
(from EtOH). (Found: C, 57.08; H, 4.48; N, 10.92 C18H17O2N3CI2 
requires C, 57.16; H. 4.53; N, 11,1 1%) Sh (80 MHz; CDCI3) 1.6-2.0 (8H, 
br m, (CH2H). 3.91 (3H. s, OChb). 4.78-4.86(1H, m. OCMCH 2 ),'6.88 (1H, 
30 d. J. 8.5Hz. Arids), 7.15-7.3 (2H. m. ArtD, 7.51 (1H, s, imid CJd). and 7.60 
(1H, d, i 2.0Hz, MC=C). my S (El) 379 (M + , 63%), 377 (88), 31 1 (27), 310 
(12). 309 (39), 276 (33). 275 (27). 274 (96). 273 (35), and 242 (100). 



35 



SXAMPLE 11 
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QV343^etoogrTtvtoxv>4-methoxvDhenvn2^2.6^ffluorQPhBnvl) 
BEBBgngDfldlfl 

To a solution of LDA [made from butyllithium (6.70ml, 0.010mol) and 
diisopropylamine (1.80ml, O.Ol2mol)] in THF at -10°C was added 2,6- 
5 difluorophenyfacetonitrile (1.20ml, 9.70mmoi). The solution became 
yellow. Left to stir at -10°C for ca 30mln before adding 
chlorotrimethyisilane (1.30ml, O.OIOmol). The solution became colourless. 
Left to stir at -10°C for ca 20min before cooling to r78°c and adding 
butyllithium (6ml; 9.6mmoi)). The solution became light orange. Left to 

10 stir ca 15 min before adding Intermediate 1 (2.1 3g, 9.68mmol). The 
reaction mixture was left to warm to RT overnight, washed with saturated 
sodium bicarbonate solution, extracted with dichloromethane, dried 
(MgS04) and concentrated In vacuo. Chromatography (SiC-2; Et20- 
hexane, 1:4) afforded the title compound (0.301 g) as white crystals, m.p. 

15 79.1-81°C (Found C. 70.80; H, 5.39; N, 3.93. C2iHigF 2 N02 requires C, 
70.97; H, 5.39; N. 3.94%). 5H (80MHz; CDCI 3 ) 1.5-2.0 (8H, br m. 
(Cb2)4), 3.88 (3H, s. OCtb), 4.184.9 (1H. m, OCdCH 2 ), 6.78-7.4 (6H, 
m, ArH + HC«C), and 7.74 (1H. d, 12.1Hz, Arfci). m/z (E) 355 (M 1 ". 15%). 
287 (1 00), 244 (1 5) and 84 (25). 

20 

EXAMPLE 12 

gthvlcis43^vclooentvloxv.4.methoxvPhenvlV2-(4>ovridvi\ 

piaBgDsats 

A mixture of Intermediate 1 (26.62g; O.l2mol), ethyl-4-pyridylacetate 
25 (19.92g; O.l2moi: ieq) ana ammonium acetate (I8.63g; 0.24g; 2eq) in 
glacial acetic acid (200ml) was stirred at 120°C under N2 for 20 hours. 
The soiution was cooled to room temperature and the acid removed la 
vacuo to give an orangey/brown residue. Tnis residue was taken up" in a 
saturated bicarbonate solution (to pH=8.5) and extracted several times 
30 with ethyl acetate. The combined organic layer was washed with brine, 
dried (MgSCU) and evaporated to dryness to give a yellow solid. 
Recrystallisation from toluene/hexane (1st crop) then toluene (2nd crop) 
followed by column chromatography (Si02; haxane-EtOAc/hexane: 7/3) 
gave the titie> rinmcound m.p. 109-1 1*°C as a white crystalline solid. 8h 
35 (CDCI3) 1.27 (3H. t, 1 7.1 Hz. CH2CH3). 1.45-1.8 (8H, br m, cyclopentyl 
id's), 3.81 (3H, s, OMe), 4.16 (1H. br m, OCHJ, 4.25 (2H, q, JL 7.1. Hz, 
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CH2CH3), 6.43 (1H, d, i 2.0Hz. Aridontiato cyclopentylolxy), 6.73 (1H, d, 
J. 8.4 Hz, ArU ortho to OMe), 6.80 (1H, dd, J. 2.0, 8.4 Hz, AiH para to 
cyclopentyloxy), 7.22 (2H, dd, J 1.6, 4.5 Hz, pyridine Us), 7.83 (1H, s, 
HC » C). and 8.64 (2H, dd, 1 1.6, 4.5 Hz, pyridine tiz tie). 

5 An alternative procedure is as follows: 

To a stirred solution of Intermediate 1 (22g; 100mmol) and ethyW-pyridyl- 
acetate (16.5g; lOOmmol) in dry toluene (150ml) at room temperature was 
added glacial acetic acid (2.4ml) followed by piperidine (0.8ml). The 
solution was heated to reflux and the water produced removed as an 

10 azeotrope, collected by a Dean Stark Apparatus. After 16 hrs, the solution 
was allowed to cool to room temperature, charcoal and Rorisil added, 
stirred for 5 minutes and then filtered. The solvent was removed by 
evaporation in vacuo . The crystalline solid obtained was dissolved in 
dichloromethane, washed with a saturated sodium bicarbonate solution, 

15 dried (MgSCU), filtered and the solvent removed by evaporation inxacm 
The product was recrystallised (diisopropyl ether) to give the lilte 
compound as a white crystalline solid, with melting point and NMR 
consistent with the above values. 

20 EXAMPLE 13 

rF>.1^CvciQpentviQytf-4-met hQyvohenvlU2-/a«Pvridvnethene 

Potassium tert.-butoxide (197mg, 1.75mmol. 1J2eq) was added to a 
solution of Intermediate 10(500mg, 1.46mmol) in THF at 0°C. The mixture 
was stirred for 5 min then a solution of 3-pyridinecarboxaldehyde (156mg, 

25 1 .46mmol) in THF (5ml) was added dropwise. After stirring at RT for 16h 
the reaction mixture was concentrated in vacuo. The residue was 
partitioned between cnioroform (10ml) and water (5ml), and the organic 
phase was separated, dried (MgS04), and concentrated in vacyo, The 
residue was subjected to chromatography (Si02i EtOAc-hexane, 1:1) to 

30 afford the title compound (1 96mg) as a pale yellow oil; 5h (80MHz; CDCI3) 
1.5-2.1 (8H, br m, (CH2H), 3.82 (3H, s, OMe), 4.80 (1H, br m, OCH), 6.7- 
7.3 (6H, m, CeM3 + H.OCH + pyridine Ha), 7.73 (1H, m, pyridine tis), 
8.40 ( 1H, dd, ii 4.5, 2.0Hz, pyridine H 5 ), and 8.64 (1H, d fS i2.0HZ, pyridine 
H2). 

35 
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The title compound (I85mg) was dissolved in ethanol (5ml) and treated 
with EtaO-HCI. The mixture was concentrated in vacuo and the residue 
recrystallised form chloroform-hexane to afford the title compound 
hydrochloride (I73mg) as pale yellow crystals m.p. 177-181°C (300MHz; 

5 CDCI 3 ) 'f.65-2.1 (8H f br m, (Chi2)4), 3.91 (3H, s, OMe). 4.87 (1H, br.m, 
OCti), 6.91 (1H, d, i 8.0 Hz. Artiflrtbato OMe), 6.93 (1H, d, i 16.2Hz, 
CHj=CH), 7.05-7.15 (2H, m, 2 x Add mala to OMe), 7.2-7.3 (1H, m, 
pyridine tU). 7.73 (1H, d. i 16.2Hz, CH*CH). 7.85 (1H..dd, J 7.5. 5.0Hz, 
pyridine Ids). 8.41 (1H, d, J, 7.5HZ, pyridine ids), 8.55 (1H, dj. 5.0Hz, 

10 pyridine H2), and 8.87 (1 H, br s, NtfJ; miZ (El) 295 (M+-HC1, 49%), 228 
(20), 227 (100), 226 (92), 207 (28), 198 (25), 180 (39), 41 (34), 38 (27), 
and 36 (85). 



15 FORMULATION EXAMPLES 

The compounds of the invention may be formulated for pharmaceutical 
use in a number of forms using any suitable excipients. Thus, for 
example, for oral use the compounds of the invention such as the 
compounds of the Examples may be formulated as a solid dosage form, 

20 by mixing an appropriate weight of compound (for example 50mg) with 
maize starch (50-99%w/w), anhydrous colloidal silica (0-10%w/w) and 
organic or inorganic acid (up to 1%w/w), to fill capsules of an appropriate 
size, e.g. white opaque hard gelatine capsules size 3. If desired the same 
mixture may be compressed into tablets. 

25 

The activity and selectivity of compounds according to the invention was 
demonstrated in the following tests. In these tests the abbreviation FMLP 
represents the peptide N-formyl-met-leu-phe. 

30 Isolated Enzvme 

The potency and selectivity of the compounds of the invention was 
determined using distinct PDE isoenzymes as follows: 

i. PDE I. rabbit heart 
35 ii. PDE II. rabbit heart 

iii. PDE III, rabbit heart, Jurkat cells 
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iv. PDE IV, HL60 cells, rabbit brain, rabbit kidney and human 
recombinant PDE IV 

m 

v. PDE V. rabbit lung, guinea pig lung 

4 * * 
i 

5 A gene encoding human PDE IV has been cloned from human monocytes 
(LM, etaL 1990, Molecular and Cellular Biology, 2SL 2678). Using similar 
procedures we have cloned human PDE IV genes from a number of 
sources including eosinophils, neutrophils, lymphocytes, monocytes, brain 
and neuronal tissues. These genes have been transfected into yeast 

10 using an inducible vector and various recombinant proteins have been 
expressed which have the biochemical characteristics of PDE IV (Beam 
and Reifsnyder, 1990, TIPS, IX 150). These recombinant enzymes, 
particularly the human eosinophil recombinant PDE IV, have been used as 
the basis of a screen for potent, selective PDE IV inhibitors. 

15 

The enzymes were purified to isoenzyme homogeneity using standard 
chromatographic techniques. 

Phosphodiesterase activity was assayed as follows. The reaction was 
20 conducted in 150uJ of standard mixture containing (final concentrations): 
50mM 2-[Itris(hydroxymethyl)methyl]amino]-l-ethane-suiphonicacid (TES) 
-NaOH buffer (pH 7.5), 10mM MgCI 2 , O.TuM pH]-cAMP and vehicle or 
various concentrations of the test compounds. The reaction was initiated 
oy addition of enzyme ana conducted at 30°C for between 5 to 30 min. 
25 The reaction was terminated by addition of 50uJ 2% trifluoroacetic acid 
containing p*C]-5'AMP for determining recovery of the product An aliquot 
of the sample was then appiied to a column of neutral alumina and the 
pHJ-cAMP eluted with 10ml 0.1 TES-NaOH buffer (pH8). The pH]-5'-AMP 
product was eluted with 2ml 2M NaOH into a scintillation vial containing 
30 10ml of scintillation cocktail. Recovery of pHJ-S'AMP was determined 
using the P^J-S'AMP and all assays were conducted in the linear range of 
the reaction. 



35 



Compounds according to the invention such as compounds of the 
Examples herein cause a concentration-dependent inhibition of 
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recombinant PDE IV at 0.1 - lOOOnM with little or no activity against PDE I, 
II. Ill or V at concentrations up to 100uM. 

2. The Elevation of cAMP in Leukocytes 

5 The effect of compounds of the invention on intracellular cAMP was 
investigated using human neutrophils or guinea pig eosinophils. 
Human neutrophils were separated from peripheral blood, incubated 
with dihydrocytochaiasin B and the test compound for 10 min and 
then stimulated with FMLP. Guinea pig eosinophils were harvested 

10 by peritoneal lavage of animals previously treated with intra- 
peritoneal injections of human serum. Eosinophils were separated 
from the peritoneal exudate and incubated with isoprenaline and test 
compound. With both ceil types, suspensions were centrifuged at the 
end of the incubation, the cell pellets were resuspended in buffer and 

15 boiled for 10 min prior to measurement of cAMP by specific 
radioimmunoassay (DuPont). 

The most potent compounds according to the Examples induced a 
concentration -dependent elevation of cAMP in neutrophils and/or 
20 eosinophils at concentrations of 0.1 nM to 1 uM. 

3. Suppression of Leukocyte Function 

Compounds of the invention were investigated for their effects on 
superoxide generation, chemotaxis and adhesion of neutrophils and 

25 eosinophils. Isolated leukocytes were incubated with dihydrocyto- 
chaiasin B for superoxide generation only and test compound prior to 
stimulation with FMLP. The most potent compounds of the Examples 
caused a concentration-dependent inhibition of superoxide 
generation, chemotaxis and adhesion at concentrations of 0.1nM to 

30 1uM 

Lipopolysaccharide (LPS)-induced synthesis of tumour necrosis 
factor (TNF) by human peripheral blood monocytes (PBM) is inhibited 
by compounds of the Examples at concentrations of 0.01 nM to 10uM. 

35 
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4. Relaxation of Constricted Alrwav Smooth Muscle In vitro 

The effects of compounds of the invention on guinea-pig isolated 
tracheal smooth muscle were investigated. Isolated tracheal rings 
were suspended in organ baths and immersed in oxygenated Krebs* 
S solution. The smooth muscle was contracted with sub-maximal 

concentrations of histamine or carbacnol prior to the addition of 
increasing concentrations of test compound to the organ baths. The 
most potent compounds of the Examples caused a concentration- 
dependent reversal of both histamine and carbachol-induced 
10 contractions at concentrations of inM to 100jiM. The compounds 
were generally more potent in reversing histamine-induced tone than 
carbachol-induced tone. 

5. Effects on C ardiac Muscle in vitro 

15 Compounds of the invention have been tested for their effects on 

isolated cardiac muscle. Right atrial and papillary muscles were 
dissected out from the hearts of guinea pigs and suspended in organ 
baths for measuring the rate (chronotropic) of spontaneously beating 
atria and force (inotropic) of the electrically stimulated papillary 

20 muscle. In these preparations, selective PDE IV inhibitors such as 

rolipram do not have any direct effects whereas selective POE III 
inhibitors such as milrinone have positive chronotropic and inotropic 
effects. The non-specific PDE inhibitor theophylline, which is used in 
asthma as a oronchodilator, aiso causes significant cardiovascular 

25 changes such as tachycardia. Selective PDE IV inhibitors have 

advantage over theophylline, therefore. ■ through reduced 
cardiovascular side effects. The most potent and selective 
compounds of the Examples had no direct effects on the atrial and 
papillary muscles in vitro at concentrations up to 10u.M but in 

30 combination with PDE HI inhibitors, these inhibitors showed an 

enhancement of chronotropic and inotropic activity, typical of 
selective type IV inhibitors. 

35 6. Anti-inflammatory Activity in vivo 

lnterleukin-5 (IL-5)-induced pleural eosinophilia in the rat (Lisle, St al. 
1993, BrJ. Pharmacol. 1Q& 230p) is inhibited by compounds of the 
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Examples given oraily at doses of 0.0001 to 10.0mg/kg. The most 
potent compounds cause a dose-dependent reduction in migrating 
eosinophils with EDsos'of 0.003 to 0.03mg/kg p.o. 

5 Compounds of the invention also reduce the inflammatory responses 
induced in rats by platelet activating factor (PAF). 

7. Antiallergic Activity In vivo 

10 Compounds of the invention have been tested for effects on an IgE- 
mediated allergic pulmonary inflammation induced by inhalation f 
antigen by sensitised guinea pigs. Guinea pigs were initially 
sensitised to ovalbumin under mild cyclophosphamide-induced 
immunosuppression, by intraperitoneal injection of antigen In 

15 combinations with aluminium hydroxide and pertussis vaccine. 
Booster doses of antigen were given two and four weeks later and at 
six weeks, animals were challenged with aerosolised ovalbumin 
whilst under cover of an intraperitoneally administered anti-histamine 
agent (mepyramine). After a further 48h, bronchial alveolar lavages 

20 (BAL) were performed and the numbers of eosinophils and other 
leukocytes in the BAL fluids were counted. The lungs were also 
removed for histological examination for inflammatory damag . 
Administration of compounds of the Examples (0.001 -10mg/kg Lp. or 
p.o.), up to three times during the 4Sh following antigen challenge, 

25 lead to a significant reduction in the eosinophilia and the 
accumulation of other inflammatory leukocytes. There was also less 
inflammatory damage in the lungs of animals treated with compounds 
of the Examples. 

30 8. Effects on Pulmonary Dynamics 

Compounds of the invention (0.001 -I0mg/kg by oral or other route of 
aministration) reduce the allergic bronchoconstruction caused by 
antigen in sensitized guinea pigs. 

35 Compounds of the invention have been tested for their effects on 

ozone-induced hyperreactivity of the airways of guinea pigs. 
Following the inhaiation of ozone, guinea pigs become very much 
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more sensitive to the bronchoconstrictor effects of inhaled histamin 
than naive animals (Yaadon etaL 1992, Pulmonary Pharm., £ 39). 
There is a pronounced shift to the left (10-30 fold) of the dose 
response curve to histamine and a highly significant increase in th 
5 maximum increase in pulmonary resistance. Compounds of th 
Examples administered 1h prior to ozone by the intraperitoneal or 
oral (0.001 -I0mg/kg) route caused a dose-dependent inhibition of 
ozone-induced hyperreactivity. 

10 9. Adverse. Effects 

In general, in our tests above, compounds of the invention have had 
no observed toxic effects when administered to animals at the doses 
shown. 
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CLAIMS 

1. A compound of formula (1) 

5 

R 2 X 

C(R 3 )*C(R 4 )Z-R S 

(1) 

wherein 

Y is a halogen atom or a group -OR 1 , wherein R 1 is an optionally 
10 substituted alkyi group; 

X is -O-, -S-, or -N(R 6 )-, wherein R 6 is a hydrogen atom or an 
optionally substituted alkyi group; 

R 2 is an optionally substituted cycloalkyl or cycloalkenyl group; 
R 3 and R 4 which may be the same or different. Is each a hydrogen 
15 atom or an optionally substituted alkyi, -CO2R 7 (wherein R 7 is a 

hydrogen atom, an optionally substituted alkyi, aralkyl or aryl 
group), -CONR 8 R 9 (wherein R 8 and R 9 , which may be the same or 
different is as defined for R 7 ), -CSNR 8 R 9 -CN or -CH 2 CN group; 
Z is -(CH2)n- where n is zero or an integer 1, 2 or 3; 
20 R s is an optionally substituted monocyclic or bicyciic aryl group 

optionally containing one or more heteroatoms selected from 
oxygen, sulphur or nitrogen atoms; 

and the salts, solvates, hydrates, prodrugs and N-oxides thereof. 

25 2. A compound according to Claim 1 wherein Y is a -OR 1 group. 

3. A compound according to Claim 2 wherein R 1 is an optionally 
substituted straight or brancned Chalky! group. 

30 4. A compound according to Claim 3. where R 1 is a methyl group. 

5. A compound according to any of Claims 1 to 4, wherein X is -O-. 
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6. A compound according to any of Claims 1 to 5 wherein R2 j s a 
cyclopentyi group. . 

7. A : compound according- to any of Claims 1 to 6 wherein Z is a 
5 -(CH2)n group wherein n is zero, or an integer 1 or 2. 

8. A compound according to Claim 7 wherein Z is a -(CH2)n- group 
where n is zero. 

10 9. A compound according to any of Claims 1 to 8 wherein R 3 is a 
hydrogen atom or a -CH3 group. 

10. A compound according to Claim 9 where R 3 is a hydrogen atom. 

15 11. A compound according to any of Claims 1 to 10 wherein R 4 is a 
hydrogen atom or an optionally substituted aJkyi or -CN group. 

12. A compound according to Claim 1 1 wherein R 4 is a hydrogen atom 
or a -CN group. 

20 

13. A compound according to any of Claims 1 to 12 wherein R 5 is an 
optionally substituted Ce-i2aryl group or a C3-gheteroaryl group 
containing one, two. or three heteroatoms selected from -O-, -S- or 
-N- atoms. 

25 

14. A compound according to Claim 13 where R 5 is an optionally 
substituted phenyl, pyridyl, thienyl, imidazolyl, pyridazinyl or 
pyrimidinyl group. 

30 15. A compound according to Claim 14 where R s is an optionally 
substituted phenyl or pyridyl group. 

16. A compound according to Claim 15 wnere R s is a phenyl or a 2- or 
3- monosubstituted or2,6-disubstitutea phenyl group. 

35 
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17. A compound according to Claim 15 where R 5 is a 2-, 3- or 4- pyridyi 
group or a 3,5 disubstituted 4-pyridyl group. 

18. A compound according to any of Claims 13 to 17 wherein the aryi or 
5 heteroaryi group is substituted by one or two R 10 substituents, where 

R 10 is an atom or group R 11 or -Alk 1 (R 11 ) m wherein RM is a 
hatogen atom, or an amino (-NH2), substituted- amino, nitro, cyano, 
hydroxyl (-OH), substituted hydroxyl, cycloalkoxy t fomiyl {HC(O)-], 
carboxyl (-CO2H), esterified carboxyl, thiol (-SH), substituted thiol, 

10 -C(0)R 7a , [where R 7a is a hydrogen atom or an optionally 
substituted alkyl, aralkyl or aryl group], -SO3H, -S02R 7a , 
S02N[R 7a R 8a ], (where R 8a is as defined for R 7a and may be th 
same as or different to R 7a ) -CON[R 7a R8 a J, -NHS0 2 R 7a , 
-N[S0 2 R 7a R 8a ], •NHS0 2 N[R 7a R8 a j, -NHC(0)R 7a , or -NHC(0)OR 7a 

15 group; Alk 1 is a straight or branched d-ealkylene, C^ealkenylene, 
or C2-6alkynyiene chain optionally interrupted by one, two, or three 
-0-, or -S- atoms or -S(0)p-, [where p is an integer 1 or 2] or -N(R 6 )- 
(where R 6 is a hydrogen atom or an optionally substituted alkyl 
group) groups; and m is zero or an integer 1, 2 or 3. 

20 

19. A compound according to Claim 18 wherein R 10 is a halogen atom 
or a nitro, amino, alkoxy, haloalkyl, hydroxy, -NHCOR 7a , 
-NHCONHR 7a , or -NHS0 2 R 7a group. 

A compound which is 

(2)-3-(3-Cyclopentyloxy-4-methoxyphenyl)-2-{4-hydroxyphenyi) 
propenenitrile; 

(E)«4-[2-(3-Cyclopentyloxy-4-methoxyphenyl)ethenyl]pyridine: 
(Z)-4-[2-(3-Cyciopentyloxy-4-methoxyphenyl)ethenyl]pyridine; 
(Z)-3-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(2-nitrophenyl) 
propenenitrile; 

(Z)-3-(3-Cyclopentyloxy-4-methoxyphenyl)2-(4,5-dichioro-1- 
imidazolyl)propenenitrile; 

(Z)-3-(3-Cyclopentyloxy-4-methoxyphenyl)-2-(4-pyridyl) 
propenenitrile: 



25 20. 



30 
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(Z)-3-(3-Cyclopeniyloxy-4-methoxyphenyl)-2-{2- 
thienyl)propenenitrile.v 

(Z)^(3^yclopentyloxy-4-methoxyphenyl)-2-(2,6^ifluorophenyl) 
propenenitrile; 

5 (E)-4-{2-l1-(3-Cyclopentyloxy-4-methoxy)phenyl]-l-pfopenyl} 
pyridine; 

(E)^2^3<;yc!opentyloxy-4-fnethoxyphenyl)ethenyn.3,5- 
dichioropyridine; 

(Z)^(3^clopentyloxy<^^ethoxyphenyl)-2^2,6-dichioropheny!)- 
10 propenenitrile; 

NH4^2^3<^clopenty!oxy-4-methoxyphenyl)ethenylI-3-pyridyl} 
phenyisulphonam ide; 

(E)-4-[2-{3-CycIopentyloxy-4Hnethoxyphenyl)ethenyl]-3- 
nitropyridine; 

1 5 (E)-2^2-(3^yciopentyloxy-4-methoxyphenyl)etheriyl]pyridine; 

(E)^[2-(3^ycfopentyloxy-4^ethoxyphenyl)ethenyl]pynrnidine; or 
(E)^[2-(3^yc!opentyloxy-4^ethoxyphenyl)ethenyl]pyridazine; 
and the salts, solvates, hydrates and N-oxides thereof. 

20 21. A pharmaceutical composition comprising a compound of formula 
(1) 

R 2 X 

Y— ^ \— C(R 3 )«C(R 4 )Z-R 5 

(1) 

25 wherein 

Y is a halogen atom or a group -OR 1 . wherein R 1 is an optionally 
substituted alky I group; 

X is -0-, -S-. or -N(R 6 )-, wherein R 6 is a hydrogen atom or an 
optionally substituted alkyl group; 
30 R2 is an optionally substituted cycloalkyl or cycioalksnyl group; 

R 3 and R 4 which may be the same or different, is each a hydrogen 
atom or an optionally substituted alkyl, -CO2R 7 (wherein R 7 is a 
hydrogen atom, an optionally substituted alkyl, aralkyl or aryl 
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group), -CONR 8 R 9 (wherein R 8 and R 9 , which may be the sam or 
different is as defined for R 7 ), -CSNR 8 R 9 , «c N or .CH2CN group; 
Z is •(CH2)n- where n. is zero or an integer 1 , 2 or 3; 
R s is an optionally substituted monocyclic or bicyciic aryi group 
optionally containing one or more heteroatoms selected from 
oxygen, sulphur or nitrogen atoms: 

and the salts, solvates, hydrates, progdrugs and N-oxides thereof, 
together with one or more pharmaceutical^ acceptable carri rs, 
excipients or diluents. 

A composition according to Claim 21 in a form suitable for oral 
administralon. 

A composition according to Claim 22 where the form for oral 
administration is a tablet, lozenge or capsule. 

A process for the preparation of a compound of formula (1) 



Y is a halogen atom or a group -OR 1 , wherein R 1 is an optionally 
substituted alkyl group; 

X is -O-, -S-. or -N(R 6 )-, wherein R 6 is a hydrogen atom or an 
optionally substituted alkyl group; 

R2 i S am optionally substituted cycloalkyl or cycloalkenyl group; 
r3 a nd R 4 which may be the same or different, is each a hydrogen 
atom or an optionally substituted alkyl, -CO2R 7 (wherein R 7 is a 
hydrogen atom, an optionally substituted alkyl, aralkyl, or aryl 
group) -CONR 8 R 9 (wherein R 8 and R 9 , which may be the same or 
different, is as defined for R 7 ), -CSNR 8 R 9 , -CN or -CH 2 CN group; 
2 is -(CH2)n- where n is zero or an integer 1 , 2 or 3; 



R*X 




(D 



wherein 
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R 5 is an optionally substituted monocyclic or bicyciic aryl group 
optionally containing .one or more heteroatoms selected from 
oxygen, sulphur or nitrogen atoms; 

and the salts, solvates, hydrates, prodrugs and N-oxides thereof, 
which comprises: 

0 reacting a compound of formula (3) 



R 2 X 




where 

(a) W is a «C(0)R 3 group, where R 3 is as defined for formula (1) 
but is not a -CN or-ChbCN group, with a compound 
RSZCH 2 R 4 ; or where < 

(b) W is a -CH2R 3 group with an aldehyde or ketone R 5 2COR 4 , 
where R 4 is as just defined for R 3 ; or where 

(c) W is a -C(0)R 3 group with a silane derivativ 
Alk 3 SiCH(R 4 )(R 5 ) (where Alk is an alkyl group) 

in the presence of a base or an acid; 



ii) alkylating a compouna of formula (5) 
HX 

V— f V- C(R 3 )=C(R 4 )ZR 5 

(5) 

with a halide R 2 Hal, or with an alcohoi R 2 OH; 



iii) denyarating an a«conoi of formula (6) 
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X-R* 



C(R 3 )(OH)CH(R 4 )(ZR s ) 



using an acid at an elevated temperature; 
iv) reacting a phosphonium salt 

X-R 2 



X-R 6 



P*Ar 3 Har 



where Ar is an aryl group and Hal is a halogen atom with a 
10 compound R 5 ZCOR 4 ; or 

v) intercon verting a compound of formula (1) to yield anoth r 
compound of formula (1 ). 

15 
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